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AD:3TRAGT
The a re a  is  latde up o f Lower L a lrad ia îi meta sedim entary rooks in -  
truded  by j r a n i t e  ("Younger G ran ite ") and minor In term ediate  to  basic  
iytieoun rooks, the  o rder of in tru s io n  bein& basic  to  a c id ,
Although th e  succession  of the motasecliments cannot be proved, 
enough evidence e x is t s  to  show th a t  th e se  rocks were fo lded to  form two 
prim ary recumbent nappe s t ru c tu re s ,  p a r t i a l ly  bound by s l id e s .  The a t t i -  
tude o f these  s tru c tu re s  i s  com patible w ith  th e  general Caledonoid p a t-  
te rn  and they  are  thought to  belong to  p a r t o f  the  hinge reg ion  of the 
Ben Lui S yncline .
In ten se  sm a lle r -sc a le  fo ld s  in  th e  metasediments a re  th e  products 
m ainly o f two subsequent defo rm ations, th e  e a r l i e r  producing "c ro ss -  
fo ld s " ,  the l a t e r  producing fo ld s  on Caledonoid ax es .
Both nappes, however, have a com plicated h is to ry  o f deform ation, 
th i s  being  borne out by p e tro fa b r ic  s tu d ie s  o f the  q u a r tz i te  and g ran ite  
in tru s io n s  of each nappe. The deform ation f a b r ic  o f  the  g ra n ite  i s  
o ften  s im ila r  to  th a t  o f the ad jacen t q u a r tz i te  d e sp ite  the  fa c t  th a t  
the g ra n ite  appears in  th e  f i e ld  to  p o s t-d a te  most o f the  fo ld in g . The 
fa b r ic  o f both  ro ck -ty p es  co rro b o ra te s  o th e r evidence th a t  th e  general 
s tru c tu re  o f the  upper nappe i s  sim pler th a n  th a t  o f the lower,
Metamorphic changes in  th e  p o l i t i c  rocks can to  some ex ten t be co r­
r e la te d  w ith  the  main phases of deform ation . The rocks were f i r s t l y  
re g io n a lly  metamorphosed, and then  ( in  th e  a rea  around and to  the  n o rth ­
e a s t  o f Braemar) th e rm ally  a l t e r e d .  The r e s u l t in g  zone o f  f o l ia te d  horn- 
f e ls e s  corresponds w ith  th e  l im it  o f g ra n ite  in tru s io n  around th e  margins 
o f th e  Lochnagar G ran ite  Complex. The "therm al" m inerals a re  them selves 
a f fe c te d  by even l a t e r  deform ation -  probably  contemporaneous w ith  the  
s t r a in in g  o f the g ra n ite .
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(im m ediately above and below r u l e r ) .  Note
boudinage, top  l e f t .  22
24 . V a r ia tio n  in  minor fo ld s , w ith  th ick en in g
towards h in g es . 22
25 . In te r fe re n c e  p a tte rn s  in  lim estone caused by the
presence o f bo th  Fg^ a.nd F^p minor f o ld s .  26
26 . Sm all 5^2. fo ld  c lo su res  wrapped round l a t e r  (Fa9 ) fo ld .  26
27 . Large recumbent F g i fo ld  in  th e  lim estone o f C raig
Leek. Minor fo ld s  in  th e  upper limb a re  a p p a ren tly  
overtu rned  to  th e  l e f t ,  those  o f th e  lower limb
to  th e  r ig h t . 26
28. Fa9 minor fo ld s  in  B la i r  A th o ll Lim estone, Cam 
nan S g l i a t . 27
29 . C lose-up o f p a r t  of p la te  28. 27
30 . Folded and unfolded  domains in  r ib b ed  lim estone . 
Cam  nan S g l i a t . 27
31 . Oak- or m ap le -lea f s ty le  fo ld in g . 28
32 . T ecton ic  in c lu s io n s  (some s t i l l  d e f in in g  fo ld s )  in  
deformed lim esto n e . 28
33. A m phibolitic  bodies in  fo ld ed  m assive lim esto n e . 
R iv er G lunie . 28
34 . Folded sem ip e lite  w ith  fra c tu re -c le a v a g e  in  th ic k e r  
q u a r tz i te  band. 28
35 . Folds in  f o l i a t i o n  o f h o m fe lse d  B la i r  A th o ll Schist, 
w ith  a x ia l  plane s c h is to s i ty . 29
36. L a te r f o ld s ,  deform ing th e  s c h is to s i ty  shown in  
p la te  35 . 29
37 . Thick a n tifo rm a l mass o f lim estone; view looking  
N.V. from q u a r tz i te  mass o f C raig  Leek. 31
38. Sm all dome (hammer a t  c e n tre )  and synform (foreground) 
in  lim estone , A nt-S ron. 31
39. R efolded fo ld  in  f o l i a t i o n  o f  th e  "Black S c h is t" , 
C am  nan S g lia t . 32
40 . Two a d jac e n t fo ld s  w ith  d i f f e r e n t  a x ia l  d ire c tio n s  
(to p  r i g h t ) . 32
41 . Evidence o f e a r ly  fo ld in g  i n  the  i r r e g u la r i t i e s  of 
the  f o l i a t io n . 32
(x)
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42 . A ty p ic a l  s M a r- fo ld  in  the  f o l i a t io n  o f the
"Black S c ii is t" . 52
45 . The s im ila r  n a tu re  of fo ld s  con tinues ac ro ss  many-
la y  e rs  . 32
44 . P a r t  o f th e  a re a  in  p la te  43 , i l lu s t r a t in g -  the
com posite n a tu re  o f th e  fo ld in g , 32
45» P a r t  o f  a  la rg e , and p o ss ib ly  l a t e r ,  co n cen tric  f o ld .  52
46 . A co n cen tric  fo ld  w ith  a more b r i t t l e  type of
defo rm ation . 32
47* C lievron-like fo ld in g  a s s o c ia te d  w ith  c lo se-spaced
jo in t in g .  32
48 . O hear-fo lds p a ss in g  in to  che-vron-like f o ld s .  32
49» I l l u s t r a t i n g  th e  e f f e c t s  o f in te n se  sh ea rin g  du rin g
the  b r i t t l e  s tag e  of deform ation . 55
50 . A la rg e  f le x u re  f o ld  wi-th jo in t in g  p a r a l l e l  to  the
a x ia l  p la n e . 33
51 . F a u lt  (arrov/ed) in  the q u a rry -fa c e , Creag Choinnich. 35
52 . F a u l t - l ik e  fe a tu re  in  th e  g ra .n ite  (c e n tre  d is-tan ce). 36
53* ^larshy ground on th e  lovrer s id e  o f th e  f a u l t - l ik e
f e a tu r e . 36
54* L ig h t-  and dark -w eathering  grani-te on opposite  s id es
o f th e  f a u l t - l i k e  f e a tu r e .  56
55* J o in t in g  p a r a l l e l  to  th e  a x ia l  p lane  o f fo ld s  in
massive q u a r tz i t e .  36
56 . V arious s e ts  of jo in t-p la n e s  in  an  outcrop  of
P e r th s h ire  Q u a r tz ite . 36
57 . S i l l - l i k e  mass o f g ra n ite  in  th e  lower nappe, Creag
C hoinnich. 36
58 . P a r t  o f d e t a i l  shown in  p la te  57, i l l u s t r a t i n g  m icro­
jo in t in g  in  th e  g r a n i te .  36
59 . I l l u s t r a t i n g  th e  e f f e c t  o f  h i^ - a n g le  jo in ts  on
outcrops o f q u a r tz i te ,  Cam  nan S g l i a t .  37
60 . A " f e l s i t e "  a f fe c te d  by h ig h -an g le  jo in t s .  Gam
nan S g l i a t .  57
61 . "Cleavage" o r f in e  f o l i a t i o n  in  a  body o f " f e l s i t e " .  37
62 . Crude cleavage in  g ra n ite  a d jac e n t to  in c lu s io n  of
s c h i s t .  57
63 . G eneral view a c ro ss  ju n c tio n  of q u a r tz i te  ( l e f t  h a lf )
and m icro g ran ite  ( r ig h t  h a l f ) ,  showing a ls o  th e  a re a  
covered by p la te s  64 and 65 . CB 68; x -n ic o ls ;  x 18. 44
64 . C loser view o f ju n c tio n  between q u a r tz i te  (Q) and
microgcanite (g ) . GB 68; x  40« 45
65 . As f o r  p la te  64 , x -n ic o ls .  45
66. Deformed q u a r tz i te  band in  s e m ip e lite , Cam  nan S g l i a t .  46
67 . C lose-up o f deformed q u a r tz i te  band, from l e f t  o f
p la te  66 . 4-7
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42 . A ty p ic a l  s h e a r - fo ld  in  th e  f o l i a t io n  o f  the
"Black S c ii is t" . 32
45 . The s im ila r  n a tu re  of fo ld s  con tinues a c ro ss  many
la y e r s . 32
44 . P a r t  o f th e  a re a  in  p la te  43, i l lu s t r a t in g -  the
com posite n a tu re  o f th e  fo ld in g , 52
45 . P a r t  o f  a  la rg e , and p o ss ib ly  l a t e r ,  co n cen tric  f o ld .  52
46 . A co n cen tric  fo ld  w ith  a  more b r i t t l e  type of
defo rm ation . 32
47 . C hevron-like folding- a s s o c ia te d  w ith  c lo se -sp aced
jo in t in g .  32
48. S h ea r-fo ld s  p a ss in g  in to  ch ev ro n -lik e  f o ld s .  32
49 . I l l u s t r a t i n g  th e  e f f e c t s  o f in te n se  sh ea rin g  d u rin g
the  b r i t t l e  s tag e  of deform ation . 35
50 . A la rg e  f le x u re  f o ld  w ith  jo in t in g  p a r a l l e l  to  the
a x ia l  p la n e . 35
51 . F a u lt  (arrowed) in  the q u a rry -fac e , Creag C hoinnich. 35
52 . F a u l t - l ik e  fe a tu re  in  th e  g ra n ite  (c e n tre  d is ta n c e ) .  36
53. Marshy ground on th e  lov/er s id e  o f th e  f a u l t - l ik e
f e a tu r e . 36
54 . L ig h t- and dark -w eathering  g ra n ite  on opposite  s id es
of th e  f a u l t - l i k e  f e a tu r e .  56
55* J o in t in g  p a r a l l e l  to  th e  a x ia l  p lane  o f  fo ld s  in
m assive q u a r tz i t e .  36
56 . V arious s e ts  o f jo in t-p la n e s  in  an  outcrop  o f
P e r th s h ire  Q u a r tz ite . 36
57* S i l l - l i k e  mass o f g ra n ite  i n  th e  lower nappe, Creag
C hoinnich. 36
58 . P a r t  o f  d e t a i l  shown in  p la te  57, i l l u s t r a t i n g  m icro­
jo in t in g  in  th e  g r a n i te .  56
59 . I l l u s t r a t i n g  th e  e f f e c t  o f  high-angle jo in t s  on
outcrops o f q u a r tz i te ,  Cam  nan S g l i a t .  57
60 . A " f e l s i t e "  a f fe c te d  by h ig h -an g le  j o in t s .  Cam
nan S g lia t .  57
61 . "Cleavage" o r f in e  f o l i a t i o n  in  a  body o f " f e l s i t e " .  37
62 . Crude cleavage in  g ra n ite  a d jac e n t to  in c lu s  icm of
s c h i s t .  57
63 . G eneral view a c ro ss  ju n c tio n  of q u a r tz i te  ( l e f t  h a lf )
and m icro g ran ite  ( r i ^ t  h a l f ) ,  showing a ls o  th e  a re a  
covered by p la te s  64 and 65 . CB 68; x -n ic o ls ;  x  18. 44
64 . C loser view o f ju n c tio n  between q u a r tz i te  (Q) and
m icro g ran ite  (g ) .  CB 68; x  40® 45
65 . As f o r  p la te  64, x -n ic o ls .  45
66. Deformed q u artzite  band in  sem ip e lite . Cam nan S g lia t .  46
67 . Close-up o f deformed quartzite  band, from l e f t  o f
p la te  66 . 47
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68. C lose-up o f deformed q u a r tz i te  band, from cen tre
and r ig h t  of p la te  66.
69 . G arnet p o rp h y ro b las ts  en c lo s in g  q u a rtz  c r y s ta ls  a lig n ed
a t  r ig h t  an g les  to  th e  e x te rn a l f a b r ic .  KB 16; x 80, 55
70 . S-shaped f a b r ic  in  g a rn e t p o rp h y ro b la s t. KB 167; x 80. 55
71 . T y p ica l "B lack S c h is t"  in  which f in e  in c lu s io n s , over­
grown by p la g io c la s e , r e v e a l  evidence o f e a r ly  
fo ld in g . KB 127; X 35 . 56
72 . Oval-shaped p o rp h y ro b las t o f c o r d ie r i te  a f t e r  g a rn e t,
fragm ents of which a re  s t i l l  p re se rv ed . KB 127;
X 80. (See a lso  p la te  98 .) 56
75 . C o rd ie r ite  ( l i g h t  grey) surrounding  p la g io c la se
(tw in n ed ). Note th e  b lu n t f in g e rs  o f c o r d ie r i te  
p e n e tra tin g  th e  f e l s p a r ,  to p  l e f t .  KB 127; x 250, 57
74* Sm all diamond-shaped section s of a n d a lu s ite  over­
growing th e  opaque m a te r ia l .  KB I 4O; x 35 . 57
75 . C lu s te rs  of sm all therm al g a rn e ts .  KB 115; x 80. 58
76 . Twinned c lin o z o is ite  (C) overgrown by ep id o te  (S ) ,
This i s  probab ly  a fragm ent o f a  much la rg e r
c r y s ta l ,  KB 78; x 1200. 58
77• Deformed m egacryst o f muscovi-te enclosing sm all prisnB 
o f  e p id o te , a lso  deform ed. KB 80; x 35* (For 
c lo se -u p  of a re a  shown, see p la te  78 .) 58
78, C lose-up o f a re a  shown in  p a r t  o f p la te  77, to
i l l u s t r a t e  bending  o f  ep ido te  c r y s ta l s ,  x 23O. 58
79* P a r t i a l l y  s k e le ta l  po rp h y ro b las t o f a n d a lu s ite
e n c lo s in g  b io t i t e s  (g rey  to  v e ry  dark) and te rm i­
n a tin g  some but no t a l l  c r y s ta ls  of b i o t i t e  a t  
i t s  m argins. KB 465» x  80. 59
80, Remnant fragm ents of k y an ite  (c e n tre , h igh  r e l i e f )
enclosed  in  a  la rg e  po rp h y ro b las t o f c o r d ie r i t e .
The n e e d le - lik e  c ry s ta ls  (s) are  o f s i l l im a n i te .
KB 152; X 80. 59
81. Pseudomorphs a f t e r  g a rn e t deformed by e x ten s io n  in
th e  a x ia l  p lanes o f  m ic ro fo ld s . KB 224; x 35* 60
82, L a te r s i l l im a n i te  need les in tim a te ly  a sso c ia te d  w ith
gran u les  of a n d a lu s i te ,  a l l  s e t  in  c o r d ie r i t e ,
KB 179; X 80. 62
83 , S tra in e d  c o r d ie r i te  e x h ib it in g  ty p ic a l  m ottled
e f f e c t .  CB 174; x -n ic o ls ;  x  80. 64
84 . Sm aller in d iv id u a ls  o f c o rd ie r i te  w ith  good s e c to r
tw inning (arrow ed), a s so c ia te d  w ith  la rg e r  c r y s ta l ( s )  
showing more coB^plex tw inning . CB I 5O; x -n ic o ls ;  x  80. 64
85 . An ovoid po rp h y ro b las t o f  c o r d ie r i te ,  ly in g  roughly
w ith in  th e  l im its  in d ic a te d , and co n ta in in g  zones 
of b io t i t e s  o f d i f f e r e n t  shape, s iz e  and degree o f 
o r ie n ta t io n .  CB I 5O; x  80. 65
(x i i )
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860 Two s c h i s to s i t i e s ,  each p a r a l le l  to  a m icro­
f o l i a t i o n .  In  t i l l s  view one i s  ap p a ren tly  
dom inant. C o rd ie r ite  occurs in  th e  m ica -rich  
f o l i a e .  GB I 78 ; x 55 . 66
87 . Two s c h i s to s i t i e s  in  hand specimen of CB I 78. Note
su g g es tio n  of a t ig h t  recumbent fo ld  in  the  c e n tre .  66
88. C lu s te rs  of sm all rounded c o rd ie r i te  c r y s ta l s .  Twin­
p lanes when p re sen t a re  d i s t i n c t .  A lso the  b i r e ­
fr in g en ce  i s  s l i g h t ly  le s s  th an  th a t  o f the  la rg e r  
s t ra in e d  c o rd ie r i te s  (see  p . 64) .  CB 174, x -n ic o ls ;
X 80 . 67
89 . P o rp h y ro b lasts  o f c o r d ie r i te  en c lo s in g  micas a lig n ed
a t  90° to  the e x te rn a l s c h i s to s i ty .  CB I 46 ; x  35* 67
90 . C o rd ie r ite  en c lo s in g  fo lded  t r a i l s  of m agnetite
p a r t i c le s  e t c . ,  as in d ic a te d  by th e  broken l in e .
GB 1 6 8 ;  X 80. 67
91 . P o rp h y ro b last of c o rd ie r i te  which has caused "bowings
out" o f the  s c h is to s i ty ,  presumably due to
r o ta t io n .  CB 139; x  35. 67
92 . P o rphy rob last of c o r d ie r i te  e x h ib it in g  a s l ig h t ly
8-shaped f a b r ic  (see broken l in e )  su ggestive  of 
r o ta t io n  du rin g  growth. CB 185; x  35. 67
95 . S heared-ou t fragm ents o f ga rn e t g e n tly  f le x u re d  by
fo ld s  b e liev ed  to  be o f th e  P^2 p e r io d . KB 75» x 80. 69
94 . I d io b la s t ic  s t a u r o l i t e  co n ta in in g  the  rem ains of a
g a rn e t c r y s ta l  (arrow ed). KB I 5I ;  x 80. 69
95 . Two a d ja c e n t p o rp h y ro b lasts  o f  k y an ite  to g e th e r
p re se rv in g  a  fo ld ed  f a b r ic  (broken l i n e ) .
KB 239; X 35 . 70
96 . D eform ation of a  la rg e  po rp h y ro b las t o f k y a n ite , shown
by zones w ith  d i f f e r e n t  e x t in c t io n  p o s i t io n .
KB 482; x -n ic o ls ;  x  35. 70
97 . I l l u s t r a t i n g  th e  deform ation  of f e ls p a r  (cloudy) by
fo ld s  b e liev ed  to  be o f  th e  p e rio d . KB 7TB; x 35. 7 i
98. P o rp hyrob last o f c o r d ie r i te  (w hite) w ith  t in y  in c lu ­
s io n s  and a  rem nant o f g a rn e t (d a rk  p a tch , c e n tr e ) .
The "bowing-out" o f th e  s c h is to s i ty  round the  
c o rd ie r i te  was accom plished p r io r  to  th e  growth of 
c o r d ie r i t e .  KB 127; x  80. 71
99 . A n d a lu site  (a) in  a  zone o f f e ls p a r  (p ) ,  around which
a re  c o n cen tra tio n s  o f mica + c h lo r i t e .  B io t i te  and 
m uscovite a re  a lso  found w ith in  th e  a n d a lu s ite , 
which has ve ry  th in  rim s of s e r i c i t i c  mica in d ic a tin g  
th a t  some a t  l e a s t  o f th e  mica i s  p o s t-a n d a lu s i te .
KB 276; X 35 . 75
100. D istu rbed  in c lu s io n s  o f  quartzose  s c h is t  in  the
g r a n i te . 79
101. Contaminated g ra n ite  where i t  has invaded and rep laced
p e l i t i c  country  rock  (see  a lso  p la te  113)* 79
( x i i i )
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102. E x c e lle n t evidence o f the  d is tu rb an ce  o f s c h is t
bands caused by tlie  incoming o f g ra n i te .  60
103. Evidence o f  th e  re p la c iv e  n a tu re  o f  th e  g r a n i te .  81
104. D iscordan t sh ee t of g ra n ite  p re se rv in g  th e  s tru c tu re
o f tlie s c i i i s t .  81
105. A pparent d isp lacem ent o f  sch is t-b an d s  a c ro ss  a  th in
sliee t of g r a n i te .  81
106. In tru s iv e  slieet o f "a n o r th o s ite "  (a ) w ith  two th in n e r
ones to  th e  r i g h t .  82
107. An e p id io r i te  sh ee t (p) tra n se c te d  by g ra n ite  (g ) .  82
108. Ju n c tio n  of " f e l s i t e "  (p) and g ra n ite  (g) crossed  by
a s e t  o f j o in t s .
109. " F e ls i te "  (F) and g ra n ite  (G) in tru d in g  q u a r tz i te  (Q). 84
110. A ty p ic a l  specimen o f g ra n ite  showing s t r a in in g  of
q u a rtz  c r y s ta l s .  GB 2 0 / l ;  x -n ic o ls ;  x I 5 . 85
111. Sm ooth-weathering (s )  and rough-w eathering  g ra n ite s
(see  a ls o  p la te  112). 87
112. C lose-up o f p a r t  o f p la te  111, showing ju n c tio n  of
the  two types o f g ra n i te .  87
115. Local m in e ra lo g ica l v a r ia t io n  in  th e  g ra n i te ,  the
banding su g g es tin g  a  d e r iv a tio n  from the  g r a n i t i s a t io n  
o f banded s c h is t  e t c .  87
114. In te rg ro w th s  between a l k a l i  f e ls p a r  and q u artz
(g rap h ic  te x tu r e ) .  GB 24; x -n ic o ls ;  x  20. 88
115. P o rp h y ritic  m ic ro g ran ite  w ith  in te rg row ths of q u artz
in  the  f e ls p a r  c r y s ta l s .  T his phenomenon i s  found
i n  th e  groundmass a ls o .  GB 202; x -n ic o ls ;  x  55* 89
116. vfeakly p o rp h y r it ic  " f e l s i t e "  w ith  g raph ic  te x tu re .
GB 42B; x -n ic o ls ;  x  35# 89
117. H ighly deformed and sheared  g ra n ite  (? ) in  which th e
fe ls p a r s  show bending o f th e  cleavage (c e n tre )  and 
even p e r ip h e ra l  g ra n u la tio n . CB 57; x -n ic o ls  ; x  35- 90
118. I'lore p o rp h y r it ic  a s p e c t ,  p o s s ib ly  caused by lo c a l
extrem ely  in te n se  defo rm ation . The c e n tr a l  f e ls p a r  
c r y s ta l  i s  surrounded by a la rg e  a re a  of g ran u la ted  
f e ls p a r  p a r t i c l e s  (w ith in  w hite l i n e ) .  A djacent 
to  GB 37; x -n ic o ls ;  x  35» 90
119. Hornblende being  re p laced  by b i o t i t e ,  c h lo r i te  and
f e ls p a r  (w h ite ) . GB 203; x 80. 92
120. A ugen-like r e c r y s t a l l i s e d  phenocrysts  (?) o f
a c t i n o l i t i c  am phibole. GB 82; x 35* 96
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F i g .  1 . The l o c a t i o n  and  l i m i t s  o i  th e  a r e a ,  snow ing  ( i n s e t )  i t s  p o s i t i o n  
i n  A b e rd e e n s h ire .
PART I
GENERAL IFTRODUCTION AMD PHYSICAL FEATURES
G eneral In tro d u c tio n
The a re a , com prising some square m iles of w ell-exposed geology, 
i s  s i tu a te d  in  the S c o ttish  H ighlands, im m ediately e a s t and n o rth e a s t 
o f Braemar, A berdeenshire (see  f i g .  l ) .  The rocks th e re in  belor% m ainly 
to  th e  lower p a r t  of th e  D alrad ian  S e r ie s , bu t the  a re a  a lso  inc lu d es  a  
p o r tio n  of th e  Lochnagar G ran ite  (sh e e t 651 o n e - in c h -to - th e -m ile , 
G eo log ica l Survey o f  S c o tla n d ) .
The D alrad ian  rocks comprise m etasedim ents o f th e  B la ir  A th o ll, 
P e r th sh ire  Q u a rtz ite  and Ben Eagach s e r i e s .  There i s  a lso  a p o ss ib le  
occurrence o f Moine rocks (upon which th e  o th e rs  r e s t ) .  G ran ite  i s  th e  
most abundant and w idespread o f th e  igneous ro ck s , th e re  being  a ls o  
d io r i t e s ,  " f e l s i t e s "  and p o rp h y ritic  m ic ro g ra n ite s . M eta-igneous rocks 
a re  re p re se n te d  by r a r e r  e p id io r i t i c  types which grade to  m ic ro d io r ite s .
The p re sen t in v e s t ig a tio n  a ttem pts to  e s ta b l is h  a  re la t io n s h ip  
between the  s t r u c tu r a l  ev o lu tio n , th e  metamorphism and th e  igneous h is to ry  
of th e  a re a . The main b a s is  o f re sea rc h  i s  d e ta i le d  fie ld -m apping , w ith  
la b o ra to ry  s tu d ie s  o f  th e  m inera l assem blages, m ic ro s tru c tu re s  and fa b r ic s  
w ith in  rock  sam ples.
Away from v a lle y s  ro ck  exposure i s  e x c e lle n t ,  a llo w in g  considerab le  
d e t a i l  to  be a p p re c ia te d , though many a c tu a l  boundaries a re  a l l  too 
r a r e ly  a v a ila b le  fo r  in sp e c tio n . Mapping has been c a r r ie d  out w ith  the 
a id  o f 6- in c h - to - th e -m ile  a e r i a l  photographs, the  f i n a l  maps be ing  based 
on th e  6- in c h - to - th e -m ile  Ordnance Survey sh ee ts  o f  th e  a r e a .  Two such 
f i n a l  maps (n o s . 1 and 2 ) cover th e  n o rth e rn  and sou thern  halves of the 
a re a  re s p e c tiv e ly  a t  a  s c a le  of I 5 inches to  th e  m ile , w hile p a r t  o f 
map 2 , mapped a t  36 inches to  th e  m ile , i s  p resen ted  s e p a ra te ly  (no. 3)#
P la te  2 . Glen G lunie from  Creag C hoinnich , showing i t s  U-shaped p r o f i l e ,  
w ith  m oraines in  C o rrie  F e rag ie  (fo reg round .).
P la te  3 » Creag C hoinnich from Cam  nan S g l ia t ,  showing ice -fo rm ed  c rags 
( l e f t ) .  Braemar l i e s  in  th e  v a l le y  im m ediately  beh ind  th e  h i l l .
P la te  4 » Creag C hoinnich from Craggan Rour, w ith  the  upper reach es  o f th e  
Dee beyond.
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^CHOINNICH
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Fig* 2* The probable  p a th  of ice  shown by U-shaped v a l le y s .
I n s e t :  g la c ia l  fe a tu re s  around Creag C hoinnich.
The h is to ry  of p rev ious re sea rch  in  and around the a re a  w il l  be 
d e a l t  w ith  s e p a ra te ly  fo r  each p a r t  of th e  th e s i s .
P h y sica l F ea tu res
Braemar l i e s  on the  sou thern  edge of th e  h ig h ly  d is se c te d  p la te au  
o f th e  Cairngorm s. The township i t s e l f ,  s i tu a te d  a t  the confluence o f 
the  Dee and th e  C lun ie , i s  1,100 f e e t  above O.D., w hile the p r in c ip a l 
h i l l s  o f th e  a re a , Creag Choinnich, Cam nan S g lia t  and C raig  Leek, 
reach  h e ig h ts  o f 1 , 764, 2,260 and 2,085 f e e t  re sp e c tiv e ly .
The R iver Dee, flow ing  eastw ards, cu ts  th e  a re a  in  two. The 
C lunie W ater, flow ing northw ards to  jo in  the  Dee a t  Braemar, forms the  
w estern  l im i t  o f th e  sou thern  h a l f ,  w hile th e  n o rth e rn  h a lf  o f th e  a rea  
i s  bounded on the  e a s te rn  margin by an abandoned loop o f the  Dee.
The upper reaches of th e  Dee a re  h e av ily  g la c ia te d , w hile ic e -  
formed d e p o s its  occur below Braemar. Glen C lunie is  a  d i s t in c t ly  U- 
shaped v a l le y ,  and where i t  jo in s  the  Dee a t  Braemar th e re  i s  fu r th e r  
evidence of ic e  a c tio n  to  be seen in  moraines of d i f f e r e n t  types (p i .  2 ) .
At one time ic e  must have swept down the C lunie to  meet th a t  in  the  
Dee v a l le y ,  where i t  was fo rced  to  pass round th e  n o rth e a s t s ide  o f Creag 
C hoinnich, v ia  Dubh C h la is , thus i s o la t in g  th a t  h i l l  from Cam nan S g lia t  
( p i .  5 , 4 ) .  There is  f u r th e r  evidence o f th i s  movement in  the  scoured 
sou thern  face  of Creag Choinnich, and in  the  l a t e r a l  moraine formed on 
th e  opposing s id e  o f Cam  nan S g l ia t  (see  f i g .  2 ) .
At Dubh C h la is  the  lower le v e ls  of th i s  ice-m ass met an impasse of 
s o l id  ro ck , causing  th e  form ation  in  f ro n t  o f th is  o f a tra n sv e rse  
moraine ( p i .  5 |6 ) ,  and g iv in g  r i s e  u lt im a te ly  to  the development of 
d rainage channels on e i th e r  s ide  o f  th e  rock  b a r r ie r .
The main flow o f ic e ,  p assing  f a r th e r  down the Dee V alley , turned 
sh arp ly  p a s t  th e  end o f C raig  Leek and in to  a now dry U-shaped v a lle y .
P la te  5 . T ran sv erse  m oraine, w ith  rem nants of a sm all g l a c i a l  lak e  below,
P la te  6 . D e ta i ls  o f  th e  tra n s v e rs e  m oraine shown in  p la te  5 -
re jo in in g  the ex istin g  Dee Valley a t  Invergelder. The pile-up of 
morainic debris a t the entrance to th is  now abandoned loop of the Dee 
(p i . 7) (see a lso  f ig . 2) was probably instrum ental in  forcing the 
r iv e r  to  find  i t s  present course, wiiich is  flanked by several levels 
of te rra c e s .
P late  7» The old v a lley  of the Dee (now d ry ), w ith the present v a lley  
in  the  foreground a t  the Bridge of Dee.
D alrad ian  S e rie s
PART I I  
STRATIGRAHIY
In tro d u c tio n
The main s t r a t ig ra p h ie  u n i ts  correspond to  those  f i r s t  e s ta b lish e d  
by B a iley  in  the P e r th sh ire  H ighlands (1922), although the o rder of 
succession  i s  by no means obvious In  th i s  a rea  owing to  s t r u c tu r a l  
co m p lica tio n s . For th i s  reaso n  prev ious workers (see  PART I I I  fo r  
d e ta i l s )  f a i l e d  to  a p p re c ia te  the su ccessio n . For the  same reason  
o r ig in a l  th ick n esses  cannot be r e l i a b ly  e s tim a ted , a l t h o u ^  i t  i s  
ev id en t th a t  each u n it  re p re se n ts  many hundreds of f e e t  o f sedim ent.
The su ccession  i s : -
Ben Eagach S c h is t ("B lack S ch is t" )
P e r th s h ire  Q u artz ite  S e rie s  
B la ir  A th o ll S e ries  
Moine S e rie s
S tra t ig ra p h ie  d isco rdances would n o t be r e a d ily  d e te c ta b le , bu t 
th e  l a t e r a l  c o n tin u ity  o f th e  u n i ts  and th e  occurrence o f t r a n s i t io n a l  
form ations su g g ests  th a t  no s ig n if ic a n t  unconform ities a re  rep resen ted  
in  the  su ccess io n .
B la i r  A th o ll S e rie s
The su b d iv is io n  in to  "Pale Group" and "Dark Group" as recognised  
by B a iley  f a r th e r  to  th e  southw est appears to  be in a p p lic ab le , although 
the  c h ie f  l i th o lo g ic a l  types a re  re p re sen ted , m ainly lim estone and sch is t, 
One minor occurrence o f w hite  lim estone and a few doub tfu l ones o f 
"Banded Group" a re  a l l  th a t  can be considered  to  re p re se n t the "Pale 
Group". What i s  more, no s t r a t ig r a p h ic a l  o rder can be e s ta b lish e d  w ith in  
th e  B la i r  A th o ll S e rie s  around Braemar. No Boulder Bed i s  to  be found.
Plate 8 . m in  B la ir  A tholl Limestone exh ib itin g  fin e  banding 
and a very crude cleavage which i s  approximately 
p a ra lle l to i t .
The most abundant rock-type in the Series is  sc h is t , though as the 
area l i e s  en tire ly  w ithin the hornfels zone the appearance of th is  rock- 
type d if fe r s  from that to  the southwest of Braemar. Three principal 
types may be recognised:- (a) dark or grey, (^ b) calcareous, (c) quartzose 
sch is ts  or hornfelses. The f i r s t  of these is  the most abundant, while 
lo c a lly  there are minor amounts of a coarse dark micaceous sch ist, classed  
separately.
(a) The normal type is  usually medium-grained, and except in the 
co rd ier ite -r ich  part of the area, north of the Bee, banding is  d if f ic u lt  
to recognise. Some v a r ie t ie s  are more graphitic and thus v ir tu a lly  iden­
t ic a l  to Ben Eagach s c h is t . Others have quartz-rich or quartzite layers 
and are often  rusty-weathering as a consequence o f  th e ir  pyrite content.
The true hornfelses often  develop a d is t in c t  fo lia t io n  and are fu lly  
described under "Metamorphism" (PART IV).
(b) The calcareous sch ist i s  much lig h ter  in  colour, so fter  and 
usually  le s s  sch is to se . Occasional thin bands r e f le c t  more or le s s  
calcareous-rich  layers. T rem olite-sch ist i s  le s s  common, being found 
in  small le n ses .
i^c) Quartzose sch is ts  are tough, compact and brown in colour. 
S ch isto s ity  is  poor to  almost non-existent. These rocks may be very 
d if f ic u l t  to d istin gu ish  from fine-grained d io r it ic  in trusions.
The main limestone in the area is  id en tica l to  that ly ing outside 
to the southwest. When r e la t iv e ly  pure i t  i s  massive and with l i t t l e  
banding, though i t  may be cleaved or s l ig h t ly  sch istose  (p i. 8 ). More 
commonly i t  is  s l ig h t ly  impure, and in  th is condition a very d istin ctiv e  
ribbing i s  present. This appears to have been deformed by the e a r lie s t  
fo ld in g , and may be a primary feature, though in  i t s  present condition  
i t  i s  deformed by la ter  fold ing (p i. 9 ).
Plate 9 . Ribbed limestone deformed by later-Caledonoid fo ld s . There i s  
evidence of e a r lie r  fo ld in g  in  some bands.
Un Greag Choinnich certain  exposures of limestone near the granite 
contain small garnets.
Another le s s  common type of "limestone" restr ic ted  to Greag Ghoin- 
nich is  green and pink banded, and r e la t iv e ly  compact. Technically th is  
i s  a c a lc -s i lic a te -h o r n fe ls , comprising a lternating  one-inch bands of 
diopsid ic  pyroxene, le ss  amounts of p lag ioclase, sphene and sometimes 
b io t it e ,  with bands of porphyroblastic garnet. The garnet i s  ragged in  
o u tlin e . Associated brown patches are due to the presence of vesuvian ite.
Examination of such a rock (GB 55) shows the garnet to reach almost 
an inch across, and even from the hand specimen alone i t  can be seen that 
the garnet i s  in  the process of being overwhelmed by the brown vesuvianite, 
Some exposures, as a t the summit of Greag Ghoinnich, are en tire ly  
of green rock, others are richer in  b io t it e .
Greag Ghoinnich a lso  furnishes exposures of layers of pyroxene- 
fe lsp a r-h o m fe ls  a ltern atin g  with bands composed of quartz and ch lo r ite , 
occasional green amphibole and, rarely , b io t it e .
Perthshire Quartzite Series
This ser ie s  was divided by B ailey into three parts, v iz : -
Schiehallion* Quartzite 
K illiecrank ie Schist 
Cam Mairg Quartzite
However, as found by G ox (1966; in  the almost adjacent area farther 
south in  Glen Clunie, the Perthshire Quartzite Series appears to be almost 
en tir e ly  made up of massive quartzite . This main quartzite is  almost
* Also sp e lt "Schichallion".
P late 10. Current or fa ls e  bedding in  Perthshire Q uartzite, Sron a Bhruio,
P late 11. Current or fa ls e  bedding in  le s s  massive q u artzite , Sron à Bhruio.
invariably fin e and never pebbly, though impure horizons may be encoun­
tered, these giving r ise  to a porous quartzite. No graded bedding has 
been found, but f in e  bedding is  common as a pink to purple colour- 
banding. Other indications of bedding arise  from the presence of 
p o lit ic  bands, and in the variation  in felspar content, while some ex­
posures of quartzite possess a p la tin ess or simple jo in tin g  as the only 
r e f le c t io n  of bedding (being p ara lle l to good bedding in  neighbouring 
exposures).
Owing to the rarity  and ambiguity of observations of current 
bedding (p i. 10 ,11), the la tte r  has not proved a re lia b le  indicator  
of the order of succession in th is  area. Some possib le examples of 
current-bedded layers have, for instance, been highly deformed (p i. 12).
The quartzite i t s e l f  varies from pure white to cream or pink, with 
very th in  clear quartz bands p a ra lle l to bedding. In th in  section  the 
quartz i s  seen to be highly strained and some specimens reveal two 
directions along which stra in  shadows are aligned . Both types of f e l ­
spar are present, potash fe lsp ar (untwinned) being more abundant than 
the a lb ite -o lig o c la se . Augen shapes are common and where bands of f e l ­
spar are crowded with commonly orientated grains a sort of cleavage is  
imparted to  the q u artzite . Other common, though not abundant, con­
stitu en ts  are ch lo r ite  and b io t ite ,  sometimes muscovite, a l l  showing a 
crude common alignment. Zircon is  often found as an accessory along 
with material having an adamantine lu stre  in  reflected  lig h t , but with 
an appearance intermediate between r u t ile  and opaque iron ore. This 
mineral, in  small concentrations, produces a colour banding in  the 
q u artzite . Black bands are the resu lt of the presence o f  p yrites . 
Apatite i s  rare in quartzite.
Micaceous bands up to h a lf -an- inch thick may be found in  the massive 
quartzite but th e ir  influence on the appearance of the sequence is
Plate 12. Fold in  banded quartzite showing possib le current or fa ls e  bedding
(above halfpenny).
Plate 1 5 » V e r t ic a lly - in clined  tra n sitio n  rocks a t Sron a 
Shrnlc exh ib itin g  ir r e g u la r it ie s  in  the banding, 
which is  p a ra lle l to bedding in  the adjacent q u artzite .
n eg lig ib le  owing to th eir  scarcity .
The appearance of the quartzite i s ,  however, a ltered  by the presence 
of much fe lsp ar , p articu larly  on Greag Choinnich, where there is  very good 
evidence of lo ca l fe lsp a th isa tio n  caused by the presence of granite (for  
d e ta ils  see P/iRT I II  B, p. 45, and PiVRT V, p .79).
On e ith er  side of the Perthshire Quartzite are gradational rocks 
e ffe c t in g  a tra n sitio n  downwards into the B la ir  A tholl Series and upwards 
in to  the Ben Eagach S ch ist. Typically both groups are of banded rocks, 
being regular a lternation s about an inch or two thick of quartzite and 
s c h is t . While undoubtedly a sedimentary feature the banding is  so 
highly deformed that no primary structures can be confidently id en tified  
(p i. 15;. These rocks do not appear a t every interform ational boundary, 
but they are widespread, having been found at numerous lo c a l it ie s  to the 
southwest of Braemar* (beyond the present area).
On Cam nan S g lia t these rocks are a t a s lig h t ly  higher metamorphic 
grade on the Ben Eagach side of the Perthshire Quartzite.
Ben Eagach Sch ist ( "Black Schist")
This i s  a very uniform formation, most of which i s  represented in  
the area by the typ ica l hornfels described in  d e ta il under "Metamorphism" 
and "Structure". In hand specimen i t  is  id en tica l to the hornfelsed  
B la ir  A tholl S ch ist, and is  id en tified  therefore on i t s  stratigraphie  
p o sitio n . Consequently where the la tte r  is  doubtful i t  is  not possible  
to assign  dark sch ists  (or hornfelses) to the Ben Eagach group with 
certa in ty; such i s  the case with the mass of hornfels around the quarry 
below the Lion's Pace (see map 2) which cannot be ascribed to  any part
* In the area napped by Cox ( I 966) ,  however, the Perthshire Quartzite 
i s  bounded by thrusts and the tran sition a l rocks are not in  evidence.
Plate 1 4 . Moine-lik e  rocks. Planes of movement are p a r a lle l to the very- 
regular handing. H e i^ t  of section  about 10 f e e t .
of the main succession, as i t s  structural position  is  enigmatic (see 
p. 16 , Structure) •
At the southwest end of Cam nan S g lia t l i e s  a zone of re la tiv e ly  
unhornfelsed s c h is t . Dark and graphitic, with fin er  cleavage, i t  is  
typ ica l of the Ben Eagach Schist in  the area to  the southwest of 
Braemar. Also in  th is  part of Cam nan S g lia t are outcrops of dark 
green hornblende-schist, having the general form of masses of ep id io r ite . 
Tremolite limestone is  le s s  common.
Close to the summit of the h i l l  two "horizons" of normal limestone 
have been found. The only other break in  the lith o lo g ic a l monotony is  
an occasional band of quartzite no more than a few inches th ick .
Moine-lik e  Rocks
Below the problematical horizon of hornfelses mentioned above is  
a sequence o f  banded q u artzites. Apart from im purities and thin dark 
bands these rocks are much lik e  Perthshire Quartzite (p i. 14). However 
within the Moine rocks there are horizons sim ilar to th is  in  Glen Ey 
and near the road leading u p h ill from Braemar "to Corriemulzie. Since 
the low structural p osition  of the banded quartzites must be near to  
that of those genuine Moine rocks they may be designated "Moine(?)" -  
see page 1 6 .
Other such occurrences have been found in a zone of refolded B lair  
A tholl Limestone on the east side of Creag Choinnich. These rocks, 
about 100 fe e t  th ick , are a l l  fine-grained, some of almost g lassy aspect 
with l i f t e r  and darker bands. The commonest type is  a micaceous granu- 
l i t e .  The sequence is  conformable with the Limestone and i t s e l f  contains 
rare bands of lim estone.
A thinner group of sim ilar rocks is  again associated with B lair  
A tholl Limestone at a point ju st above the Queen's Drive and the Lion's 
Pace. This could w ell be the same stratigraphical le v e l, and these rocks, 
too, are considered lik e ly  to be Moine.
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PART I I I  
STRUCTURAL GEOLOGY
A. METAMORPHIC ROCKS
In tro d u c tio n
As w ith  metamorphism, the s t ru c tu re s  to  be found in  the rocks of 
th e  a re a  to  the southw est of Braemar have been s tu d ied  and compared w ith  
those  o f the a re a  under d is c u s s io n . Most o f th e  work has been devoted 
to  the l a t t e r ,  but comparisons have been necessary  as no d e ta i le d  work 
has been done p rev io u s ly  around and to  the  n o rth  of Braemar. Indeed 
the  a re a  i s  too sm all and s t r u c tu r a l ly  com plicated to  be t r e a te d  in  
i s o la t io n .
B.C. King (u n p u b lish ed ), working to  the southw est of Braemar in  an 
a d ja c e n t a re a , has in te rp re te d  th a t  a rea  on the  assunqption th a t  the  main 
s t r a t ig r a p h ie  u n i ts  and sequence correspond to  those  even f a r th e r  to  the 
southw est, which have had a  longer h is to ry  o f re se a rc h , and where the  
major s t ru c tu re s  a re  more e a s i ly  id e n t i f i a b le .  The D alrad ians in  
q u es tio n  thence con tinue  in  th is  b e l t  a s  f a r  a s  I s la y  and u lt im a te ly  to  
I r e la n d , becoming co rrespond ing ly  sim pler in  s t ru c tu re .
However, w hile many im portant s t r u c tu r a l  fe a tu re s  have been e lu c i­
dated  in  the  p re sen t a re a , o th e rs  a re  f a r  from c e r ta in .  Yet d e ta i le d  
mapping has shown th e  degree o f com plica tion  on a  sca le  r a r e ly  attem pted , 
in  many cases l in k in g  major and minor s t ru c tu re s ,  and dem onstrating th e i r  
s i m i l a r i t i e s ,  in  a d d itio n  in fo rm ation  on such asp ec ts  as p e tro fa b r ic  
a n a ly s is  has been found.
In te r e s t in g  replacem ent s tru c tu re s  by g ra n ite  e tc .  have a lso  been 
rev ea led  by such d e ta i le d  mapping. Most of th ese  on Creag Choinnich a re  
too  m inute to  be shown on the  1 -inch  Survey map, and they  do no t appear 
to  be m entioned in  th e  prev ious l i t e r a t u r e  (see  PART 17).
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Previous Work
G. Barrow and E.H. Cunningham Craig carried out the original surveys 
around Braemar in I 904 . While these workers recognised some of the com­
p le x it ie s  in  the minor fo ld s they did not appreciate the major ones. 
Consequently they did not estab lish  the succession correctly , nor did they 
agree with each other. Craig in  fact believed that the Perthshire Quart­
z ite  lay  unconformably in  synclinal fo lds of the B lair Atholl Series and 
Ben Eagach S ch ist. This fact i s  reflected  in the survey map of the area 
in  the re la tiv e  p osition  and shape of the Perthshire Quartzite outcrops.
Not u n til B ailey commenced h is study was much achieved in elucidating  
the tecton ic  s ty le  of the Dalradians. His contribution was based on 
detailed  lo c a l study and on broader considerations of the b e lt  as a whole.
He, more than anyone, helped firm ly to estab lish  the concept of 
large-sca le  nappes in  the southwest Highlands of Scotland. In 1922 he 
stated  that the sch is ts  o f the southwest Highlands belonged to three main 
d iv ision s or nappes -  the lowest being the "Ballappel Foundation", followed 
by the " Iltay  Nappe", and then the "Loch-Awe Nappe".
Although the la ter  work of Cummins and Shackleton (1955) and 
Shackleton (1958) in  the Perthshire Highlands produced a more plausible  
picture of the major fo ld s , link ing B a iley 's upper two structures into  
the Tay Nappe (a refolded recumbent fo ld ), B a iley 's  appreciation of such 
large-sca le  phenomena enabled him to apply h is ideas to the solution  of 
the fold  b e lt  farther northeast up to Braemar.
He applied h is ideas to sm aller-scale structures a lso , and in 1925
interpreted the b e lt  between B lair A tholl and the Cairnwell, identify ing
three major recumbent fo ld  limbs of the Perthshire Quartzite S eries:-
Cairnwell Limb (top)
Tumnfêl Limb (middle)
Ben y Gloe Limb (bottom)
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From considerations of pitch, and presumably also from comparison 
with Schiehallion to  the southwest (which Bailey subsequently reinter­
preted) , the Ben y Gloe b e lt  of quartzite was considered an anticlina l 
structure ( f ig .  3 )•
B ailey  also  recognised the continuation of the Ben Lawers "Syncline", 
passing c lo se  to  Loch Tummel, Ben Vrackie, Ben Vuroch and the Cairnwell, 
The synformal Cairnwell B elt of Bailey is  thus correlated with the Ben 
Lawers "Syncline", as indicated on the coloured diagram ( f ig .  4 ) .
At the same time B a iley 's  notions enabled him to appreciate the 
ex isten ce , in certain  areas, of sm aller-scale s lid e s , along which re­
cumbent fo ld s had been displaced. Consequently he was able to invoke 
the presence of s lid e s  to attempt to  understand the Braemar area by 
link ing up structural units which had previously been considered 
separate. According to  h is  map, therefore ( f ig .  5 )? Cam nan Sgliat 
and Morrone belong to the s lid  out portion of the Tummel B elt and the 
rest of the succession east of Cam nan S glia t and Morrone to the 
Cairnwell B e lt.
However the elements below these two b e lts , i . e .  ly ing to the west 
and including Craig Choinnich, did not e a s ily  f i t  into B ailey's sim plified  
plan, and at th is  stage he ceased investigation , thou^ i t  is  tempting 
to assume that he believed Creag Choinnich to belong to the Ben y Gloe 
B e lt .
Much la ter  the area around Glen Shee was investigated by Ma the son 
(Ph.D. Thesis, 1958), who agreed with B ailey 's notions.
Recently Pan t in  ( I 96I ) ,  on re-examining the Ben y Gloe area, recog­
nised the Cam Liath S lide, which he considered to cause the termination 
of the main Ben y Gloe quartzite mass; but more important, he considered 
th is  b e lt  to be synclinal and not a n tic lin a l, though the evidence i s  not 
absolutely  conclusive.
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The re c e n t work of King (unpublished) in  the a rea  to  the  southwest 
o f Braemar h as, however, rev ea led  the  presence o f sev e ra l major th ru s ts  
which p o s t-d a te  the  main ep isodes of fo ld in g . The presence o f these  
th r u s ts  has been confirm ed by Cox (Ph.D. T h esis, I 966) in  the  a rea  south 
o f Braemar from C lunie Lodge to  th e  C airnw ell. Three s t r u c tu r a l  le v e ls  
o r nappes a re  re c o g n ise d :-
( 1) The Morrone Nappe
( 2 ) The B la i r  A th o ll T hrust Zone
( 5) The Lower Nappe
The "Morrone Nappe", com prising th e  remnants o f a  prim ary (recum­
b en t) sy n c lin a l core of Ben Eagach S ch is t o v e rla in  by P e rth sh ire  
Q u a r tz ite , can be equated by d i r e c t  mapping to  Cam  nan S g lia t  (which 
com prises the  lower s id e  o f  th e  sy n c lin e  w ith  th e  Ben E a ^ c h  S ch is t 
o v e rly in g  th e  P e r th sh ire  Q u a r tz i te ) .
The " B la ir  A th o ll T hrust Zone", b e liev ed  to  be a prim ary recumbent 
s t r u c tu r e ,  could correspond w ith  th e  B la i r  A th o ll b e l t  running along 
the  base o f  Cam nan S g l ia t  and C raig  Leek, w hile th e  p r in c ip a l ly  
q u a r tz i t i c  mass o f Creag Choinnich could  be the  "Lower Nappe". As w il l  
be shown p re s e n tly , the  B la ir  A th o ll b e l t  in  th e  p re sen t a re a  i s  squeezed 
out towards th e  so u th ea s t in  much the  same way as recorded by Cox.
A ccording to  King (p e rso n a l communication) and Cox th e  Cairnw ell 
Synform a s  envisaged by B a iley  does n o t e x is t ,  th i s  zone being  in s te ad  
occupied by the  "Morrone Nappe" ( l )  and p a r t  of th e  " B la ir  A tho ll 
T h rust Zone" ( 2 ) .
Although the  fin d in g s  of King and Cox have no t been tra c ed  fa r th e r  
southw est i t  would appear n e v e rth e le ss  th a t  th e  Lower Nappe (3) comprises 
p a r t  of B a i le y 's  Ben y  Gloe Limb.
Consequently whereas B a iley  envisaged fo ld  s tru c tu re s  accompanied
N.W. SE.
Cor n nan Sqlui i  ]
C r e a g  Cho i nni ch  
A n t - S r o n
CO R E  O F  TAY NAPP E
 Be /J
- Sluts or thrust
C.;:
M O T  T O  S C A L E
B L A I R  ATHOLL SERIES PERTHSHIRE QUARTZITE B E N EA( . ACH SC HIST
a
N.W. S.E.
DALRADIANS
B e l
’i g ,  6 , (a ) S im p lified  stru ctu re  o f the Braemar area in  r e la t io n  to  the
Ben Lui S y n clin e .
(b ) P r o f i le  o f th e  I l t a y  happe.
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by s l id in g  la rg e ly  a long  in te rfo rm a tio n a l boundaries as prim ary fe a tu re s , 
King and Cox bave found th a t  the  prim ary and secondary fo ld s  have been 
cu t ac ro ss  by l a t e r  th r u s t s .
B r ie f  Summary of S tru c tu re s
The a re a  mapped may thus be consid ered , in  the  l ig h t  of previous 
work, to  co n ta in  p a r ts  o f th e  main recumbent limbs o f fo ld s  in  the 
P e r th s h ii^  Q u a rtz ite  S e r ie s , e s ta b lish e d  n ear B la i r  A th o ll. These, 
in  tu rn , a re  p a r t  of a major s t ru c tu re  which s tre tc h e s  fo r  th e  e n tire  
le n g th  of the  D alrad ian  outcrop in  C en tra l and Southwest Scotland and 
known as the  I l t a y  Nappe. This has subsequen tly  been deformed by 
l a t e r  major fo ld s  m ainly of s im ila r  a x ia l  d i r e c t io n .
The com plications o f th e  Braemar a re a  would appear to  l i e  in  the  
complementary Ben Ltd Syncline o r h in g e , and to  have been a f fe c te d  by 
l a t e r  th r u s t in g  ( f i g .  6 ) .
NOTE ON FOLD SYMBOLS:- The D alrad ian  rocks o f th e  S c o tt is h  High­
lands a re  g e n e ra lly  b e liev ed  to  have su ffe re d  a t  l e a s t  th re e  
successiv e  phases of fo ld in g , u s u a lly  desig n a ted
and "F^" e tc .  W ithin th e  a re a  mapped, however, th e re  i s  
in s u f f ic ie n t  evidence to  be dogmatic a s  to  th e  o rder of fo ld  
ep iso d es , and indeed th e re  i s  some evidence th a t  fo ld in g  may 
have been m an ifest on two s e ts  o f axes s im u ltaneously . Hence 
to  avo id  confusion  e a r ly  Caledonoid fo ld s  a re  d esigna ted  F^^ 
and the  r e s u l ta n t  s c h i s to s i ty  o r cleavage . E a rly  c ro ss -  
fo ld s  a re  F^^, r e la te d  p la n a r elem ents Sg^. L a te r Caledonoid 
fo ld s  a re  F^g @tc.
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Prim ary S tru c tu re s
I t  i s  supposed th a t  the  a rea  mapped co n ta in s  p o rtio n s  of a t  le a s t  
two main nappes, because on s t r a t ig r a p h ic a l  grounds a s t r u c tu r a l  repe­
t i t i o n  can be reco g n ised . This idea  i s  supported by th e  p a r t i a l  
s l id in g  or th ru s t in g  out o f th e  B la i r  A th o ll Limestone between the 
P e r th sh ire  Q u a rtz ite  o f Creag Choinnich and th a t  of Carn nan S g l ia t .  
Though no t obvious on the  map the  s t r u c tu r a l  d iscordance can be 
observed to  the  e a s t  o f th e  L io n 's  Pace. D iscordance i s  a lso  found 
in  the  correspond ing  s l id e  o r th r u s t  on Morrone, to  th e  southw est of 
Braemar.
These nappes a re  p a r ts  o f la rg e  recumbent fo ld s  overturned  to  the  
s o u th e a s t. They were developed in  the  p la s t i c  stage  o f deform ation, but 
a lso  su ffe re d  a  l a t e r  more " b r i t t l e "  deform ation a s  w itnessed  by th e  
th r u s t  s e p a ra tin g  them.
The d i r e c t io n  of a n t i c l i n a l  c lo su re  cannot co n c lu s iv e ly  be e s ta b ­
l is h e d . On Morrone p a r t  of an observed c lo su re  in d ic a te s  a south­
e a s te r ly  d i r e c t io n ,  and c e r ta in ly  a  more accep tab le  s t r u c tu r a l  p a tte rn  
r e s u l t s  from co n sid e rin g  th i s  a s  th e  d i r e c t io n .  This i s  as B ailey  
envisaged the  major fo ld s ,  p ro je c tin g  h is  id eas  from Ben y  G loe.
The lower o f th e  two nappes c o n s is ts  o f  th e  q u a r tz i te  of Creag 
Choinnich (and in fo ld s  of lim estone) and p o ss ib ly  sm all outcrops o f 
q u a r tz i te  on Craggan Rour, A nt-Sron and th e  lower outcrops o f C raig  Leek, 
The upper nappe com prises the rem aining q u a r tz i te  and B la ir  A th o ll rocks 
o f the  a re a , and has a s  i t s  co re  th e  whole o f  th e  Ben Eagach S c h is t .
These main u n i ts  tre n d  n o rth east-so u th w est a long  the  Caledonoid 
d i r e c t io n ,  and l ik e  those southw est of Braemar, d ip  to  th e  so u th ea s t.
The main in te r n a l  s t ru c tu re s  having approxim ately  the  same tre n d , i t  i s  
v e ry  l ik e ly  th a t  th e se  p r in c ip le  u n i ts  a re  prim ary major s tru c tu re s . 
C e r ta in ly  no e a r l i e r  have been d e te c te d .
C r e o p  C h o i n n i c h
S . K .
N.W.
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P ig . 8 . S k e tc h -se c tio n  of the  C^uarry Pace, Creag C hoinnich,
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(a) Lower Nappe
Extreme complication permits only the upper p a rt of Creag Choinnich 
to  he in te rp re ted  confidently . This level is  a recumbent a n tic lin e  of 
q u a rtz ite  with a core of limestone closing to  the southeast (limestone 
occurs on the northwest side of the h i l l  only).
The lowermost exposures around the northern p art of the same h i l l  
may belong to  the Moine Series in  p a r t .  The g ran itised  sch is t below 
the L ion 's Face is  p a rt of e ith e r  the B la ir  A tholl Series or Ben Eagach 
S chist, as already sta ted  under "S tratig raphy", The two most lik e ly  
s tru c tu ra l in te rp re ta tio n s  (sim plified) are shown.
The lowest rocks of a l l ,  found, in  the quarry l /6 th  mile north of 
the L ion's Face, a re  believed to  be Moines, Their sim plic ity  of 
s tru c tu re  b e lie s  a l l  but a trace  of e a r l ie r  deformation b lo tted  out by 
extreme shearing and f la tte n in g . Consequently the lower nappe is  
believed to  re s t  d ire c tly  on the Moines a t  the base of Creag Choinnich, 
the junction  being p art of a s lid e  ( f ig , 8 , p i, 15 )•
This lev el i s  not exposed in  the northward continuation of the 
lower nappe below Craig Leek and Ant-Sron.
In more d e ta i l  the lower nappe of Creag Choinnich presents an out­
crop p a tte rn  contro lled  by two trends; a "cross-fold" trend in  the lime­
stones and sch is ts  of the summit region, and a Caledonoid ( la te )  trend 
in  sim ila r rocks of the  northwest side of the h i l l .  I t  i s ,  however, 
the main masses of q u a rtz ite  which re ta in  the primary s tru c tu re , th a t 
of p a ra lle lism  of bedding and cleavage. The southeast h a lf of the h i l l  
is  pervaded by a planar s tru c tu re  dipping regu larly  southwestwards. The 
remaining h a lf  has a le ss  regular dip to  the southeast.
Primary s tru c tu re s , i t  i s  believed, are responsible fo r (a) the 
coincidence of bedding and cleavage; (b) the recurrence of quartzose 
sch is t horizons (Q '); and (c) the great thickness of quartz ite  here in
"  Sc  à/ s  t os / t y
O
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F ig .  10 . H ig h ly  com pressed  f o ld s  a f f e c t i n g  th e  f o l i a t i o n  i n  s c h i s t s .
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comparison to  v e ry  l i t t l e  in  th e  lower nappe on Morrone. To some ex ten t, 
however, c ro s s - fo ld in g  i s  a lso  re sp o n sib le  fo r  th i s  th ick en in g .
On a minor sca le  early -C aledonoid  fo ld s  a re  alm ost unknown in  
rocks o th e r th an  q u a r tz i te  and quartzose  s c h is t .  Often s tru c tu re s  of 
th i s  g e n e ra tio n  a re  recogn ised  o r  in fe r re d  from such evidence as r e l i c t  
fo ld  noses -  perhaps a  compressed fo ld  c lo su re  in  q u a r tz i te  le s s  than 
an inch  th ic k , " f lo a tin g "  ro o t le s s  in  a more p o l i t i c  medium.
O ccasionally  a x ia l  p lane "cleavage'* i s  developed in  the la rg e r minor 
fo ld s  in  the  q u a r tz i te ,  shown e i th e r  by the  e lo n g a tio n  o f fe ls p a r  
c r y s ta ls  an d /o r by th e  r e c r y s t a l l i s a t io n  of q u artz  in  th in  s t r i p s .
Shearing  i s  m an ifest to o ,
Exanples o f  th e  sm a lle s t fo ld s  in  th e  lower nappe are  only to  be 
found in  s e m ip e li t ic  ro ck s . Since such s t ru c tu re s  tend  to  be sheared ou t, 
as d esc rib ed  above, th e  sense o f o v e rtu rn in g  and d ir e c t io n  o f t r a n s la t io n  
rem ain unknown, as does th e  geometry of th e  s tac k in g  o f successive  fo ld s .
The s t ru c tu re s  a re  ty p ic a l  sh ear or flow fo ld s ,  w ith  th ickened  c lo su res  
( f i g .  9 ) .  In d iv id u a l la rg e r  fo ld s ,  u su a lly  seen in  massive q u a r tz i te ,  
a re  b e t t e r  p rese rv ed , bu t t h e i r  i s o la t io n  s im ila r ly  p reven ts a  complete 
study  from be ing  made (p i .  1 6 ) .
In  s c h is ts  and lim estones o r ig in a l  bedding s tru c tu re s  are no t to  
be found; consequently  one can only  in f e r  th e  presence of e a r ly  Caledonoid 
fo ld s  e tc .  A lso , th e  e a r l i e s t  s c h is to s i ty  may be an a x ia l  plane cleavage 
to  the  now unrecogn isab le  %% fo ld s , or i t  may be a  prim ary bedding-plane 
c leav ag e . S ince , however, in  th e  s e m i-p e lite s  th e  e a r l i e s t  s c h is to s i ty  
i s  r e la te d  to  r e l i c t  fo ld  c lo su re s , i . e .  i t  i s  , i t  i s  l ik e ly  th a t  
th e  same a p p lie s  in  s c h is ts  and lim esto n es . F o rtu n a te ly  ra re  cases have 
been observed where th e  same s c h is to s i ty ,  deformed by l a t e r  c ro ssfo ld s  (%],) » 
i s  c le a r ly  seen to  be a x ia l  p la n a r to  h ig h ly  compressed fo ld s  o f  th e  type 
i l l u s t r a t e d  ( f i g .  10) which can on ly  be F^^.
P la te  16. I s o la te d ,  p o s s ib ly  prim ary fo ld in g  in  q u a r tz i te  o f th e  low er nappe.
P la te  17 . E a r ly  fo ld in g  ( to p  l e f t )  w ith  l a t e r  ob lique  s c h i s t o s i t y  in  
th ic k e r  p e l i t i c  bands (below and to  r ig h t  o f r u l e r ) .
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F ig . 11. Stereogram s of po les to  s c h i s to s i ty  o r cleavage in  th e  
upper nappe ( i )  and lower nappe ( i i ) .
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T his e a r ly  s c h is to s i ty  i s  p a r t ic u la r ly  w ell developed in  the  lime­
stone outcrops around th e  summit of Creag Choinnich, where i t  c le a r ly  
p re -d a te s  th e  l a t e r  fo ld s  (see  f i g . l ^ ) .  Depending on the  amount
o f q u a rtz  p re sen t in  s c h is t s ,  t h i s  e a r ly  s c h is to s i ty  may be dominant or 
in  vary ing  degrees of replacem ent by a  l a t e r  one (S^-j^).
As p la te  17 i l l u s t r a t e s ,  where th e  q u a r tz i t i c  bands a re  c lo se  
to g e th e r  th e  s c h is to s i ty  i s  p a r a l l e l  and s t i l l  in  th e  a x ia l  plane o f 
e a r ly  fo ld s ,  b u t in  the  th ic k e r  p e l i t i c  bands the s c h is to s i ty  i s  oblique 
and becoming p a r a l l e l  to  th e  a x ia l  p lane o f a  much la rg e r  secondary fo ld  
(^beyond th e  l im its  o f  tW  pho to g rap h j.
S t a t i s t i c a l l y  the p o les to  s c h is to s i ty  o r cleavage p lanes in  the 
lower nappe a re  spread  out ( f i g .  11 ) ,  b u t w ith  a d e f in i te  maximum in  the 
n o r th e a s t  quadrant o f  th e  stereogram , c o rro b o ra tin g  e a r l i e r  statem ents 
on th e  major s t r u c tu r e .
The lower nappe is  b e liev ed  to  con tinue northw ards in  the q u a r tz i te  
of the  lower s lo p es  of C raig  Leek and A nt-S ron. In  th e  form er case the 
q u a r tz i te  i s  sep a ra ted  from the upper mass by B la ir  A th o ll Limestone.
The re la t io n s h ip s  a re  thus analogous w ith  those  sou th  of the  Dee, even 
to  the  p resence in  th e  q u a r tz i te  of C raig  Leek o f h ig h ly  f la t te n e d  e a r ly  
minor f o ld s .
On A nt-Sron th e  q u a r tz i te  i s  found in  m asses, more o r le s s  is o la te d  
by s c h is t  and lim estone , th e  form of which cannot be simply re la te d  to  
the  in te r n a l  s t r u c tu r e s .  T h ru stin g  o r s l id in g  between th e  main l i th o -  
lo g ic a l  u n i ts  has been observed, so th a t  they  a re  regarded  a s  com plicated 
"fo ld -w edges". The presence o f  minor c ro s s - fo ld s  suggests th a t  l a t e r  
deform ation  has c o n tr ib u te d  to  th e  development o f  th e  outcrop p a t te m  h e re .
(b) Upper Nappe
The upper nappe appears much sim pler than  the  lower, c o n s is tin g  of a
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core o f Ben Eagach S c h is t, an o u te r la y e r of P e rth sh ire  Q u artz ite , and 
an envelope o f  th e  B la i r  A th o ll S e r ie s . The lim estone o f the  l a t t e r  
a c ts  a s  a  zone of déco llem en t. The s tru c tu re  appears to  be th a t  of a 
recumbent sync l in e ,  fa c in g  to  th e  so u th ea s t, and p a r t ly  " s l id  out" a t  
the  b ase . I t  must be regarded  as  being  in  the hinge reg ion  of th e  Tay 
Nappe, th a t  i s ,  in  th e  complementary Ben Lui recumbent sync l in e .
The m ajor tre n d  o f th e  in d iv id u a l form ations i s  dom inantly 
n o rth e a s t-so u th w e s t, w ith  g e n tle  d ip  towards the  so u th ea s t, except in  
the  extreme n o rth  and n o rth e a s t of th e  a re a . Here th e  tre n d  becomes 
n o rth w e s t-so u th ea s t, d ip  to  th e  southw est -  a  fe a tu re  th a t  continues 
much f a r th e r  to  th e  no rthw est, beyond the  p re sen t a re a .
South o f th e  Dee th e  angle o f d ip  in  th e  upper nappe in c reases  
upwards towards the  core of Ben Eagach S c h is t , in  which d ips may become 
v e r t i c a l .  Consequently the  tru e  c lo su re  o f  th e  nappe i s  alm ost a t  th is  
p o in t, the  o th e r (upper) s id e  o f  t h i s  hinge having been com pletely removed 
by e ro s io n . I t s  e a s te r ly  c o n tin u a tio n  i s  rep resen ted  in  p a r t  by th e  down- 
fo ld ed  P e r th sh ire  Q u a rtz ite  a t  Sroh a  B hru ic , south  o f th e  Old Bridge o f 
Dee. Here th e  d ip  of the q u a r tz i te  and a d jacen t "Black S ch is t"  i s  
v e r t i c a l .
On C ra ig  Leek, n o rth  of th e  Dee, th e  Ben Eagach "Black S ch is t"  l i e s  
a t  a  s t r u c tu r a l ly  lower le v e l  than  th e  P e r th sh ire  Q u a rtz ite , due to  the  
e f f e c t  o f a  f a u l t  running  p a r a l l e l  to  th e  p re se n t c l i f f s ,  b u t the  a t t i tu d e  
o f th e  two u n i ts  i s  s im ila r  to  th a t  to  th e  so u th .
Large early -C aledonoid  fo ld s  may be recognised  on th e  maps provided 
(e s p e c ia l ly  map 2 ) , An obvious one i s  th e  long to n g u e-lik e  mass o f 
P e r th s h ire  Q u a rtz ite  p e n e tra tin g  th e  lim estone b e l t  a t  th e  fo o t o f Cam 
nan S g l ia t ,  n ear the Queen's D rive . Another sm aller mass l i e s  immediately 
to  the  e a s t .  These have the appearance o f su b s id ia ry  prim ary fo ld s  or 
d ig i ta t io n s  o f  the  major ones.
Ch u r t e r s  Ch es t
S..S.E. N.N.W
G
5 1 . N.W.
Q u a r t z i t e  ^
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{ Unexposei/j
5*ig, 12, (a ) P o ss ib le  in te r p r e ta t io n  o f th e  s t ru c tu re  a t  G h u rte r 's  C hest.
(b ) DlELgram o f  fo ld ed  j o i n t -  or c leav ag e-p lan es  a t  th e  p o in t "X” 
in  ( a ) .
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The zones ad jacen t to  th e se  niasses have been invaded by numerous 
minor in tru s io n s , c le a r ly  fo llow ing  horizons o f s t r u c tu r a l  weakness, A 
s im ila r  s i tu a t io n  occurs a t  a  h ig h er le v e l .  Here len ses  of quartzose 
s c h is t  i n  the  main q u a r tz i te ,  and the  presence o f  a  swarm of f e l s i t e s ,  
may mark an o therw ise hidden s l id e  o r fo ld  c lo su re , p a r t ic u la r ly  as 
th e  f e l s i t e  sh ee ts  a re  p re se n t in  the  a rea  to  th e  southw est a t  a  le v e l 
o f la rg e -s c a le  d is lo c a tio n s  in  th e  upper nappe (th e  Morrone Nappe),
Evidence f o r  o th e r e a r ly  fo ld s  la rg e ly  depends upon the  r e p e t i t io n  
o f , say , lim estone  w ith in  s c h is t  in  th e  B la i r  A th o ll S e rie s . R apidly 
v a ry in g  l i th o lo g ic a l  sequences from p lace  to  p lace  suggest r e p e t i t io n  
o r com plication  by th e  e a r l i e s t  fo ld in g  r a th e r  th an  by l a t e r .  W ithin 
th e  uniform  Ben Eagach S c h is t i t  i s  l ik e ly  th a t  s im ila r  fo ld in g  e x i s t s ,  
b u t i t  can only  be a p p re c ia te d  where, as  a t  G h u rte r 's  Ghest, the  ad jacen t 
q u a r tz i te  i s  a ls o  in v o lv ed .
T his lo c a l i ty ,  a  bold fe a tu re  in  th e  c l i f f s  a t  th e  n o rth  end o f 
C zaig G lunie , re p re se n ts  th e  ju n c tio n  o f th e  Ben Eagach and P e rth sh ire  
Q u a rtz ite  fo rm atio n s, deformed by a t  l e a s t  two s e ts  o f fo ld  movements. 
V arious in te r p r e ta t io n s  a re  p o ss ib le  bu t the  b a s is  o f each i s  th a t  meso­
scop ic  early-G aledonoid  fo ld s  have been warped by l a t e r  ones on approxi­
m ately  the  same axes ( f i g ,  12 ) .
Examples o f t r u ly  minor fo ld s  may be found in  the  cen tre  o f the 
q u a r tz i te  o f  th e  upper nappe on th e  southw est p o rtio n  o f Carn nan S g l i a t ,  
T ig h t, recumbent f o ld s ,  l ik e  those  o f  th e  lower nappe, a re  no t found: in  
c o n tr a s t ,  many a re  o f sev e ra l cen tim etres  am plitude on ly , w ith  n ea r- 
v e r t i c a l  a x ia l  p la n e s . In ten se  deform ation h as, however, been manif e s t  
( f ig ,9 v ) .  The above fo ld s  have a Caledonoid tre n d , except a t  th e  extreme 
so u th w este rly  l im i t  o f the  a re a  where eas t-w est fo ld -ax es  predominate
(see  stereogram , f i g , 17 )•
The l a t t e r  have a l l  the appearance o f  th e  same e a r ly  phase, and a re
P late 18. Curved jo in t surfaces containing folded bedding planes, as ind icated.
P late 1 9 . Evidence of h i ^ l y  compressed primary fo ld s (indicated) from
Sron a Bhruic.
Plate 20. Complex nature of early  fo ld in g  in  sem ip elites , 
north of the Dee.
IPlate 21. Part o f the exposure covered by p late 20 (top of picture)
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accompanied by numerous lin ea tio n s. Some are p a ra lle l to , others c lose , 
but d e f in ite ly  su b-p ara llel, to the fo ld -c r e sts . The two sets  of 
lin ea tio n s are believed to belong to d ifferen t generations, though 
only one lo c a lity  provides d irect evidence o f th is  :-  (see a lso  plate 18)
The colour bands here are p ara lle l to surfaces which are obviously 
folded bedding planes. Upon these are fin e  lin ea tio n s, plunging 20° to 
the east a t 105° , caused by the in tersection  of the bedding with jo in t-  
plane s .  The jo in t planes, p ara lle l to the ax ia l planes o f the fo ld s , 
are themselves warped and bear a second lin ea tion  roughly p ara lle l to 
the crests  o f the warps, plunging 20° to the east at 60°. Clearly two 
phases of deformation have affected  th is  b e lt of quartzite, th eir  res­
pective axes ly ing  c lo se  to  one another, yet possib ly  far enough apart 
in  places to account fo r  the observed var ia tio n s.
Minor fo ld s  in  the sem ip elitic  rocks o f  the upper nappe are much 
as for those in  the lower nappe, and show as much variation  in  s ty le .  
Sometimes the evidence of the movements responsible is  a l l  but o b li­
terated (p i. 1 9 ); sometimes i t  i s  complex (p i. 2 0 , 21) .
Minor fo ld s  in lim estones are very d if f ic u l t  to recognise. The 
extensively-developed ribbing i s  believed , in  sp ite  of i t s  uniformity, 
to represent the f ir s t  cleavage, that is  to say, the banding or
bedding in  the orig in a l rock has been folded and completely compressed 
to form a new layering without the production of a true cleavage. Only 
two neighbouring lo c a l it ie s  in  the whole area provide evidence of th is  
process in  the intermediate stage.
At one (04 1 , 077 ) two juxtaposed ribs are seen, when traced as 
p a ra lle l bands round a ser ies  of minor axes, eventually converge at 
a h i^ l y  acute angle, c lea r ly  v is ib le  as a fo ld  hinge (p late 22 ) .  The 
adjacent exposure, a v e r t ic a l surface running p ara lle l to the Caledonoid 
d irection , i s  o f  massive limestone which reveals the s ty le  of the earlier
Plate 22. Closure of primary fo ld  in  ribbed lim estone, 
indicated by blade of k n ife .
Plate 2 3 . Banded limestone exh ib itin g  early  fo ld in g  (immediately above and 
below r u le r ) . Note boudinage, top l e f t .
%
Plate 2 4 . V ariation in  niinor fo ld s , with thickening towards h inges.
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minor cro ssfo ld s . One of these c lea rly  bends the axis of an even 
e a r lie r  fo ld , which must therefore belong to the phase, while close  
to th is  point a very t ig h t ly  folded quartzite band carries a lin eation  
on the same (Caledonoid) a x is . This must thus be a primary lin eation .
F ina lly , considering primary minor structures in  the p e l i t ic  rocks, 
i t  has been found tliat in  the sch ists  adjoining b e lts  of limestone in  
the upper nappe south of the Dee, a æw sc h is to s ity  has usually developed 
where F^  ^ fo ld in g  i s  pronounced. I t  is  only rarely  possible to
recognise an e a r lie r  sc h is to s ity  rotated about these later-Caledonoid  
axes. I t  is  believed to be the e a r lie s t  s c h is to s ity  and not 8^ ^^ ,
since no cro ss-fo ld s or lin ea tion s have been found. Other early minor 
fo ld s , wrapped round later-Caledonoid examples, are described under 
"Later-Caledonoid Structures".
North of the Dee the p e l i t i c  rocks are more highly metamorphosed 
and approach the condition of permeation gneisses with a d is t in c t  
fo lia t io n . No primary structures are believed to have survived th is  
transformation.
Early Cross-Fold Structures (F^^, S^^)
No major structures of th is  age have been recognised. Smaller folds  
and lin ea tio n s, being subject to the e f fe c ts  of la ter  fo ld s , do not 
always l i e  at 90° to the Caledonoid d irection , so that the term "early 
cross-fold" i s ,  in  some cases, a re la tiv e  one.
Nevertheless i t  is  s t i l l  true that many such phenomena can be 
recognised by th is  trend, usually  accompanied by a s lig h t ly  steeper 
plunge than i s  found in  Caledonoid trends. The s ty le  of fold ing is  
recumbent, but le s s  compressed than that of primary fo ld s . The limbs 
are often  stacked v e r t ic a lly .
Sum m it, Creag Choinuich
S.W. NE.
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P ig ,  1 3 . (a ) Diagxammatic s e c t io n  a cro ss  th e  summit o f Creag Choinnich.
(b ) Diagram o f deformed lim eston e as' in  ( a ) .
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F ig . 1 4 . The s t y le  o f  minor fo ld s  in  s e m ip e lite s .
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F ig . 1 5 . (a ) The r e la t io n s h ip  o f s c h is t o s i t y  to  banding in  sem ip e lite i
(b) L in ea tion s and m u llio n -lik e  f o ld s .
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(a) Lower Nappe
T ypical examples of a re  to  loe found abundantly  on p a r ts  o f Creag 
C hoinnich, p a r t ic u la r ly  in  th e  ru s ty  q u a r tz ite s  and quartzose s c h is ts  
around the  summit of th is  h i l l .  Here one can study  the  re la tio n s h ip  of 
minor and mesoscopic c ro s s - fo ld s , fo r  th i s  zone re p re se n ts  a  sharp warp 
in  the  o therw ise  g e n tly  d ipp ing  s t r a t a .
This s t r u c tu r e ,  a broken an tifo rm  running  p a s t the  southern  side 
o f the summit down towards C orrie  F e rag ie , on a  160° tre n d , has t i l t e d  
the  a x ia l  p lanes o f the  minor fo ld s , a l l  of which have axes p a r a l le l  to  
th i s  tre n d  ( f ig .1 5 a ) .  T his im plies a  somewhat l a t e r  age fo r  th e  main 
s t ru c tu re ;  y e t i t  must be s in ce  i t  is  r e la te d  by a complementary 
synform under th e  summit of Creag Choinnich to  sm aller Fg^ fo ld s  in  
lim estone ( f i g .  15b), f u r th e r  d esc rib ed  below.
The s ty le  of deform ation i s  l ik e  t h a t  of more-open prim ary fo ld s  
( f i g .  1 4 ). The am plitude o f th e  minor ones i s  u su a lly  le s s  than  a fo o t, 
w ith  to \igher bands ty p ic a l ly  being  th ickened  towards the  hinge reg ion  
( p i , 2 4 ) .  The s c h is to s i ty  i s  commonly p a r a l le l  to  the  banding except 
a t  the  c lo su re s  where i t  i s  an  a x ia l  p lan ar one ( f i g .  15a). W ithin the 
banding some evidence of e a r l i e r  fo ld in g  has been found, p a r t ic u la r ly  
in  th e  q u a r tz i te  r i b s .  However in  t r u ly  p e l i t i c  s c h is t  domains no such 
evidence rem ains, th e  new s c h is to s i ty  having taken over com pletely .
C ro ss-fo ld in g  i s  most re a d i ly  a p p re c ia te d  a t  th e  ju n c tio n  o f q u a rt­
z i t e  and s e m ip e lite s , where m u llio n -lik e  fo ld s  may be c o rre la te d  w ith
the  s c h is to s i ty  S . L in ea tio n s  in  the  massive q u a r tz ite  agree p re c ise ly  
B1
w ith  the  fo ld s  proving th a t  they  a re  l in e a t io n s  in  b r e la t iv e  Fg^ 
n o t Caledonoid a - l in e a t io n s  ( f i g .  15b).
Deform ation o f the  lim estone o f th e  lower nappe i s  no t l ik e  th a t  o f 
the  s c h i s t .  The ty p ic a l  ribbed  lim estone has bu t l i t t l e  im prin ts o f 
th i s  phase, though i t  shows an abundance of la ter-C aledono id  fo ld s .
N e w  sch is to s i ty
( i (II)
F ig , 16. Diagram i l l u s t r a t i n g  th e  behaviour of s c . i i s to s i ty  d u rin g  th e  
fo ld in g  o f th in  and th ic k  bands.
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The massive lim estone o f  the summit, in  con trast, shows cro ss-fo ld s only. 
There i s  no ribbing; in stead , a noticeable cleavage i s  deformed by larger, 
more open fo ld s , ranging over ten  fe e t  in amplitude. These fo ld s "bridge 
the gap" between tru ly  minor and larger mesoscopic ones. The various 
lim estone patches or in clu sion s in  the granite a t  the summit o f Creag 
Choinnich represent antiform al hinges, plunging to  the southeast. The 
a x ia l planes tend to  be v e r t ic a l ,  but some dip steep ly  to  the southwest, 
and the limbs become is o c l in a l .
The gran ite  o f the summit region  cuts across the fo ld -h in ges, sub­
s ta n tia t in g  the notion th at they are early  cro ss-fo ld s  (see "Petrofabrics"). 
In ad d ition  the thermal metamorphic mineral assemblages in  the adjacent 
p e lit e s  are l i t t l e  deformed, in d ica tin g  that the deformation i s  ea r ly .
Other mesoscopic fo ld s  on c ro ss-fo ld  axes with steep a x ia l planes 
have been recognised, w ith  corresponding minor stru ctu res. The trend  
of some of these suggests a gradual swing in  the general cro ss-fo ld  
d ir e c tio n .
As regains the s c h is to s ity  on Creag Choinnich, i t  has been found 
w e ll developed in  the absence o f any v is ib le  fo ld s . This planar structure  
i s  recognised by i t s  ob liq u ity  to l i th o lo g ic a l  bands and by i t s  steeper  
a t t itu d e .
I t  has been found, though, that when the s c h is to s ity  i s  developed in  
th in  p e l i t i c  bands i t  i s  nearly p a r a lle l to  banding: in  fa c t the thinner 
the bands ihe more the s c h is to s ity  approaches th e ir  a tt itu d e . Often, too , 
the q u a r tz it ic  lands are irregu lar , and contain evidence o f boudinage 
in stead  o f fo ld in g .
Sometimes, as a t  lo c a l i ty  (map 3» 017,087) where two s c h is to s i t ie s  
a re  p re se n t t h e i r  mutual r e la t io n s  may be dem onstrated. Here a sequence 
o f s e m ip e li t ic  rocks i s  a f fe c te d  by t i ^ t  minor fo ld s ,  banding being  
n e a r ly  p a r a l l e l  to  th e  s c h is to s i ty ,  except in  the th ic k e r  p e l i t e s ,  where
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F ig . 17 . S tereogram s (eq u a l a re a  n e t)  o f fo ld  plunges ( • ) and l in e a t io n s  ( « ) 
in  th e  upper nappe ( i )  and lower nappe ( i i )  sou th  o f the  Dee.
In  ( i )  Caledonoid axes predom inate, in  ( i i )  c ro s s - fo ld  axes 
predom inate•
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F ig , 18, Stereogram  (eq u a l a re a  n e t)  of fo lc  qlunges ( • ) and 
l in e a t io n s  ( « ) n o r th  o f th e  Dee, showing p o ss ib le  
v e ry  l a t e  fo ld s  (>0 *
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-üw -bM) (übferge Iby over 20°. in  th e  t ig h te s t  fo ld s  the  s o h is to s i ty  i s  an
a x ia l  p lane one, b u t p a r a l l e l  to  th e  q u a r tz i t ic  bands away from the  fo ld  
c lo su re s . I t  i s  in fe r r e d  th a t  th i s  outcrop i l l u s t r a t e s  the  cleavage S.^ 
be ing  fo lded  and becoming a t  t i g h t  c lo su re s  a new a x ia l  plane s tru c tu re  
(S g^). In  the limbs of th in  s c h is t  bands th e  o r ig in a l  remains 
p a r a l l e l .  When th e  limbs of t i ^ t  fo ld s  a re  m utually  p a r a l le l  the  new 
i s  a lso  p a r a l l e l ,  bu t in  the  th ic k e r  bands of s c h is t  w ith  d iverg ing  
lim bs, the  imw n a tu ra l ly  becomes oblique to  th e  banding. There a re  
th u s  two s c h i s to s i t i e s  p a r a l l e l  to  l i th o lo g ic a l  banding in  two q u ite  
sep a ra te  cases ( f i g .  16 ) .
N orth o f the  Dee, on A nt-Sron, th e  extrem e v a r ia t io n  of both  p lan ar 
and l in e a r  elem ents o f th e  mesoscopic s tru c tu re s  i s  alm ost c e r ta in ly  due 
to  th e  in te rp la y  between fo ld s  on bo th  Caledonoid and c ro s s - fo ld  d ire c t io n s .
As may be r e c a l le d ,  sm all f o ld s ,  m u llions, and l in e a tio n s  in  the  
P e r th s h ire  Q u a rtz ite , exposed a long  the  bottom o f C raig  Leek, a re  c le a r ly  
e a r l i e r  th an  th e  la te r-C aled o n o id  w arps, and tren d  r o u ^ l y  a t  r ig h t -  
an g les  to  them. There can be no doubt th a t  the  e a r l i e r  a re  m an ifesta tio n s  
o f movements.
No unique a x ia l  d ir e c t io n  fo r  i s  obvious from a s t a t i s t i c a l  
trea tm en t of measurements made n o rth  of th e  Dee. This i s  probably the 
r e s u l t  o f  the  Fg^ deform ation  being  imposed on a lread y  fo lded  lay e rin g , 
o r from th e  " s c a t te r in g "  e f f e c t  of l a t e r  fo ld s  ( f i g .  1 8 ) .
(b) Upper Nappe
The upper nappe has no t rev ea led  many c ro s s - fo ld s . The e f fe c ts  
o f deform ation  a re  s t i l l  p reserv ed , however, in  th e  lim estone o f  Cam 
nan S g l ia t  a t  one or two l o c a l i t i e s .  A re g u la r  f in e  l in e a t io n  c rosses 
the  su rfa ce s  of th e  l a t e r  minor fo ld s  ( F ^ )  a t  90° to  t h e i r  ax es . This 
l in e a r  fe a tu re  i s  a  m in ia tu re  cruH ^ling o f the su rface , and i t  may 
accompany minor fo ld s  of id e n t ic a l  tren d  which produce in te rfe re n c e
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F ig . 19. S te re o g ra ^  o f  p o le s  to  banding ( i )  and cleavage ( i i )  in  th e  
J ila ir  tith o ll Lim estone, n o r th  of the Dee.
N O R T H  O F  THF OFF  
Perthsh ire  Quartzite
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Poles tocieavage and bedding
F ig , 20. Stereogram  (eq u a l a rea  n e t)  of po les to  cleavage ( A )  
and bedding ( • ) in  the  P e r th s h ire  Q y a rtz ite , n o rth  
o f th e  Dee.
P la te  23 . In te r fe r e n c e  p a t te rn s  in  lim estone  caused by th e  p resence  o f 
bo th  and F^2 ciinor f o ld s .
P la te  26 . Sm all fo ld  c lo s u re s  wrapped round l a t e r  (F^^) fo ld ,
P la te  27 . Large recunbent foTi in  the limestone of Craig Leek. Minor 
fo lds in  the upper limb are apparently  overturned to  the l e f t ,  those 
of the  lov/er limb to the r i ^ t .
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patte rn s (c f . Ramsay I 962) with the la te r  fo lds ( p i .25 ) ,
Usually i t  is  c lea r th a t the cross-fo lds are the e a r lie r , especially  
when the two sets are  oblique to  one another (p i . 26 ) .
North of the Dee refo ld ing  re la tionsh ips are not obvious in  lime­
stone. The development of cleavage is  more marked, and i t  would appear 
th a t the various minor folds on d iffe ren t ax ia l d irections may be re la ted  
to  th is  same cleavage. Indeed, i t  i s  suspected th a t many folds are of 
the type shown by King and East (1955, p .259), whose examples have been 
selected  from the area ju s t southwest of Braemar. The f la t- ly in g  cleavage 
in  the purely "schistose" limestones here i s  believed to  be ra ther 
than
Nevertheless one la rger fold has been observed in  the banded lime­
stone a t  the north end of Craig Leek. I t s  c ross-fo ld  alignment is  
obvious by d ire c t observation of the nose on two c lif f - fa c e s  (p i . 27 ) .  
P a ra s itic  fo lds on the limbs are consisten t in s ty le  and i l lu s t r a te  the 
danger of in te rp re tin g  the general d irec tio n  of tecton ic  transport from 
minor fo lds alone.
A con trast in  the a tt i tu d e  of the la rg er folds is  to be found on 
C hurter's  Chest. An iso la ted  outcrop of q u a rtz ite , apparently surrounded 
by Ben Eagach Schist and exposed in  a c lif f - s e c tio n , can be seen to  wedge 
in to  the c l i f f .  I t  represents a fo ld  closure standing almost v e r tic a l ly . 
Cleavage and fold-raullions are a lso  v e r t ic a l ,  the a x ia l planes s trik in g  
along the Caledonoid d ire c tio n . This cross-fo ld  has thus been superimposed 
on steeply-dipping s t r a ta ,  or has i t s e l f  been refolded by later-Caledonoid 
deformation.
Later-Caledonoid S tructures (F^g, S^^)
Major s tru c tu re s  of th is  age can be d if f ic u l t  to d istingu ish  from 
e a r l ie r  ones. Only one has been recognised. I t  is  responsible fo r the
P late 28. P^2 fo ld s  in  B la ir  A tholl Limestone,
Cam nan S g lia t.
P late  29. Close-up of p a rt of p la te  28,
P late 3 0 . Folded and unfolded domains in  ribbed lim estone, Cam nan S g lia t .
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v e r t ic a l a ttitu d e  and Caledonoid strike of the lith o lo g ic a l units and 
s c h is to s ity  a t Sron a Bhruic where both the Ben Eagach Schist and Perth­
shire Q,u/irtzite are a ffected .
Interm ediate-sized fo ld s are s im ilarly  d if f ic u lt  to  recognise.
However, the d istr ib u tion  of limestone bands on the north-west side of 
Creag Choinnich can be seen in  the f ie ld  to be the resu lt of P ^  folds
ly in g  a x ia lly  p ara lle l to the main contours of the h i l l ,  such that minor
topographic variations have a marked e f fe c t  on the outcrop pattern.
Other outcrop patterns, p articu larly  in  lim estone, can sometimes be 
v isu a lized  only as resu ltin g  from the combination of two phases o f folding, 
the a ttitu d e of the planar elements indicating that Later-Caledonoid 
fo ld in g  has played an important part.
Minor fo ld s are abundant in  the ribbed limestone b e lts  in both nappes, 
the s ty le  in  the two being sim ilar . The limbs are often  recumbent, 
stacking n ea r-ver tica l, but the fo ld s are not highly compressed. They 
are thus sim ilar to the minor cro ss-fo ld s . The loca l d irection  of plunge 
may be variable (due to accommodation) but the angle of plunge is  con­
s is t e n t ly  low, unlike the cro ss-fo ld s .
Where the ribbing is  fa ir ly  even and consisten t good minor folds  
tend to be p r o li f ic ,  as seen in  a typ ica l exposure ( p i .28 ; close-up  
p i. 2 9 ) .  In such a condition i t  i s  hard to find evidence of ear lier  
fo ld ing  in  the lim estone, but a few (possib ly  primary) minor folds have 
been recognised. When the fold-domains pass, as they may do rapidly, 
in to  unfolded ones (p i. 5O ) i t  becomes le ss  d if f ic u lt  to  appreciate ear lier  
structures. For instance in  p late 25 there i s  clear evidence of ear lier  
fo ld in g  immediately above and below the ru ler . The photograph a lso  reveals 
boudinage structures (top le f t )  and an F^  ^ minor fo ld  (bottom r ig h t) .
Due to  variation  in  the competence of certain  bands or zones the 
deformed limestone may exh ib it an oak- or maple-leaf sty le  of minor folding
Plate 3 1 . Oak- or m aple-leaf s ty le  fo ld in g .
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Plate 5 2 . Tectonic in clusions ( s one s t i l l  defin ing fo ld s) in  deformed limestone
Plate 35» Amphibolitic bodies in  folded massive lim estone, River Clunie.
Plate 54« Folded sem ipelite with fracture-cleavage in  th icker quartzite band,
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(p l .  31 ) .  Where, however, the tougher (less-pure) hands were orig in a lly  
infrequent or very th in  they are now disrupted and sometimes no more than 
iso la ted  tecton ic inclusions (p i. 32 ) .  This is  true also of ep id io r itic  
or am phibolitic bodies in  massive limestone (p i, 33  ) .
Rocks adjacent to the limestone b e lts  often show le s s  obvious 
evidence of the deformation.
in  true p e lite s  few examples of have been discovered, but in  
other banded rocks or sem ipelites ex ce llen tly  preserved minor folds can 
be studied . The most i l lu s tr a t iv e  of these l i e s  in  a b e lt  of rocks 
above the limestone on Carn nan S g lia t a t lo c a lity  (058,068) (p i. 34  ) .  
F u ll d escrip tions, including petrofabric data can be found on page 46 . 
B r ie fly , i t  may be described as a recumbent minor fo ld  a ffec tin g  a thin  
band of quartzite w ithin p e l i t e .  I t  is  apparently overturned to the 
southeast, with an ax ia l plane dipping gently to the northwest. The 
quartzite band further exh ib its fracture-cleavage, and there is  re lia b le  
evidence o f  smaller fo ld s  w ithin the band which may be correlated with  
others outside which are obviously related  to the main fo ld . Certain 
ir r e g u la r it ie s  are believed to r e f le c t  an ea r lier  deformation.
This example shows p recise ly  in  miniature the deformation with the 
development of d isloca tion s in  to u r e r  bands that must have occurred on 
the more major sca le ,
A more complex fold-sequence can be appreciated at (111,144) on 
Craig Leek in  the banded sc h is t , where quartzite bands have behaved 
d iffe r e n tly  from tough grey sch ist bands w ithin true p e l i t ic  s c h is t . The 
quartzite bands w ithin which are early highly recumbent fo ld s , are more 
t ig h t ly  folded than the tough grey bands, and plunge 10° towards 55°. The 
sc h is t  fo ld s plunge 25  ^ towards 145° and in some cases have t i ^ t  folds  
wrapped round them. Clearly the quartzite and sch ist bands are at a 
d ifferen t stage of tecton ic  evolution, yet though in  close proximity
Tnuyh grey se/i/st"
Pel/t/c sch/st
0
.‘i / e a  coiere(f  
by (ri)
Feet
( i i )
.  2 1 . Sketcb^iagram  o f tîaé s c h is t o s i t é  a sso c ia ted  w ith  
fo ld s  in  B la ir  A th o ll s c h is t .
Plate 35» Poids in  fo l ia t io n  o f h om felsed  B la ir  A tholl S ch ist, with a x ia l
plane so h is to s ity .
P late 3 6 . Later fo ld s , deforming the so h is to s ity  shown in  p late 55*
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neither se t of fo ld s  a ffe c ts  the other and so they could he inferred to 
be contemporaneous* Since tbe main fo ld s in  the sch ist are not primary 
one i s  forced to assume that the q m rtz ite  exh ib its Later-Caledonoid 
deformation, and the sch ist a Later-Cross-Fold one (^^2 ) '
Yet another in terestin g  feature i s  the so h isto sity  associated with 
the tough grey s c h is t , which, being folded on a smaller and t i t t e r  sca le , 
i s  in  the process of becoming a new axia l plane so h is to sity . I ts  
appearance is  that of a s tr a in -s i  ip , so ty p ica l of much of the B lair  
A tholl and Ben Eagach sch is ts  elsewhere: see f i g ,  21,
I f  one now traverses northwest into the B la ir  A tholl Series proper, 
i t  is  obvious that the so h is to s ity  in  these "hornfelses" is  simply a 
more advanced stage of the previous, the ea r lier  chevron-type microfolds 
being now only ir reg u la r it ie s  in  the new so h is to s ity  which cuts across 
the fo lia t io n  (p i, 55 )• Later warps can a lso  be found, plunging 25  ^
towards 260° (p i. 56 ) ,  These c lea r ly  deform the new so h is to s ity .
This s itu a tio n  is  a very important link  between the deformation in  
the widespread hornfelses and the more e a s ily  id en tifia b le  fo ld in g  in  
banded or bedded rocks where fold-sequences. are better known.
Where, however, two equally developed s c h is to s it ie s  co -ex ist  the 
problems of resolving the deformation h istory  become complicated, and 
re ly  more upon the study of mineral assemblages.
Later-Cross-Pold Structures (E^^, , Latest Structures
Microscopic examination of th in  sections of sch ists  and hornfelses 
has estab lished  that thermal metamorphic mineral assemblages have formed 
a fte r  the later-Caledonoid main phase of deformation. These minerals 
are themselves deformed -  often considerably so -  and i t  is  believed that 
la te r  fo ld s , probably cro ss-fo ld s , were the principle agents.
This deduction i s  strengthened by the observation of several post-
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s o h is to s i ty  minor fo ld s  of v a r ia b le  in te n s i ty ,  and la rg e ly  on c ro ss­
fo ld  a x es , in  bo th  h o rn fe lse s  and lim esto n es .
Some of th ese  have a lre ad y  been desc rib ed  (p . 29 ) in  p a r t .  O thers, 
which can be r e la te d  d i r e c t l y  to  m ineral assem blages, have been found 
n o r th  of th e  Dee a t  lo c a l i ty  (154,178). They a re  recumbent Z-shaped 
fo ld s  w ith  h o riz o n ta l axes a lig n e d  towards 110^. They deform the pro­
nounced f o l i a t io n ,  p reserv in g  w ith in  i t  evidence o f e a r l i e r  deform ation 
y e t c re a tin g  a new a x ia l  plane s c h is to s i ty .  The therm al metamorphic 
m inera l assemblage (p o s t- re g io n a l metamorphic assem blages) i s  d i s t in c t ly  
e a r l i e r  than  the a x ia l  plane s c h is to s i ty ,  so th a t  one can say d e f in i te ly  
th a t  th e re  has been a  p o s t-F^p deform ation in  the  a re a .
At the same lo c a l i ty  th e  a x ia l  plane s c h is to s i ty  i s  a f fe c te d  by 
l a t e r  warps p lunging  10° towards 250°. These a re  thus the l a t e s t  fo ld s  
known. S im ila r  p o s t - s c h is to s i ty  buck les a re  known from o th e r h o m fe ls  
l o c a l i t i e s ,  where they  may be accompanied by a c lo se ly -sp aced  jo in tin g  
p a r a l l e l  to  th e  a x ia l  p lan es .
The major eq u iv a len ts  o f the  L ater-C ross-F o ld  S tru c tu re s  cannot be 
e a s i ly  reco g n ised . They may be rep re sen ted  by cu lm inations o r depressions 
o f p i tc h  a lo n g  th e  Caledonoid tre n d , such a s  were recognised by B ailey  (1925) 
in  th e  C en tra l H igh lands. H is map shows th ese  fe a tu re s  occu rrin g  along the 
l in e  o f the Ben Lawers Synform between Loch Tummel and Glen Shee. These 
weak s tru c tu re s  have a  c ro s s - fo ld  tre n d , bu t they  do not match th e  in te n s i ty  
o f the  minor ones ju s t  d e sc rib e d .
Around Bmemar a  dep ress io n  occum in  1iie upper nappe a t  th e  C lun ie , 
fo llow ed by a cu lm in a tio n  j u s t  south of th e  L io n 's  Face, in  l in e  w ith  the  
th ic k  lim estone  b e l t ,  and th e n  by a dep ression  between th e  Dee and Ant-Sron. 
A ll o f  th ese  a r e  too i l l - d e f in e d  to  be re a d ily  ap p rec ia ted  by s t a t i s t i c a l  
a n a ly s is  of minor fo ld s .  However, from su ita b le  vantage p o in ts  in  the 
f i e l d  i t  becomes e v id en t, fo r  in s ta n ce , th a t  s t r u c tu r a l  le v e ls  in  the upper
Plate 37* Thick an tiforn ai mass o f lim estone: view looking N.\7, from 
quartzite mass o f Craig Leek,
P late 38. Small dome (hammer at centre) and synform (foreground) in  
lim estone, Ant-Sron.
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nappe show a gradual in c lin a tion  downwards towards the River Clunie from 
both d irection s.
There may be a correlation  between la te  mesoscopic warps and thick  
imisses of lim estone. For instance in  the northwest corner of the area 
a d is t in c t ly  tiiickened mass of lim estone, forming a "spur", can be recog­
nised in the f ie ld  as a gentle antiform on a cross-fo ld  axis (p i. 37 ) .
In th is  case (a more massive lim estone), the cleavage is  deformed, but 
the structure cannot be traced into the above-lying quartzite.
Minor warps in limestone have a lso  been encountered, but unlike the 
hornfelses, limestone does not usually  lend i t s e l f  to the re la tiv e  age- 
determination of the mineral assemblages, so that deformation structures 
cannot be correlated with those of p e li t ic  rocks. Plate 58 i l lu s tr a te s  
a small dome (hammer a t centre) in  which the layering or banding but not 
the cleavage i s  folded, while immediately in front of i t  (foreground) is  
a synform with banding and cleavage equally deformed.
Structure of the "Black Schist" of Cam nan Sglia t
The uniform lith o logy  of th is  formation prevents the precise nature 
of the fo ld ing from being appreciated. Where the sch ist is  in  contact 
with quartzite , as a t  Churter’s Chest, F^^, F^  ^ and F^  ^ fo lds can be 
recognised, suggesting that even greater complexity e x ists  in  the core of 
the mass. This is  borne out by mineralogical studies, esp ecia lly  o f  
specimen CB 120, which ind icate that the most obvious deformation is  at 
le a s t  as young as F^^.
The ubiquitous fo lia t io n , described already as typ ica l of th is  zone 
of hornfelsed sc h is t ,  is  deformed by fo lds ranging in  amplitude from a 
few inches upwards. The sc h is to s ity  is  poorly developed (mica content low), 
and when v is ib le  is  p ara lle l or sub-parallel to the fo lia t io n  in  most 
exposures, though a number of fo ld s  have a p a rtia lly  developed ax ia l 
plane s c h is to s ity .
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Fold plunges
F ig . 22 , Stereogram (eq u al area n e t) o f  fo ld  plunges ( • ) 
in c lu d in g  th e  la t e s t  s tru c tu res  {}^ ) in  the  
'rs iack  S c h is t" .
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F ig , 2 5 . Stereograms o f p o le s  to  f o l i a t io n  ( i )  and s o h is t o s i t y  ( i i )  in  
the "Black S c h is t" . The d is tr ib u t io n  of p o les  in  both  ca ses  
corresponds w ith  a great c i r c le  (d o tted  l in e ,  pole O ) ,
P late 39» defolded fo ld  in fo l ia t io n  of the "Black Schist" , Oarn nan S g lia t,
P late 40. Two adjacent fo ld s  with d iffere n t a x ia l d irection s (top r ig h t) .
Plate 4 1 » Evidence o f  early fo ld in g  in  the ir r e g u la r it ie s  o f the fo lia t io n .
P late 4 2 . A ty p ica l shear-fold  in  the fo lia t io n  o f the "Black Schist" .
Plate 43« The sim ilar nature of the fo ld s continues across many la y ers.
P late 44 . Part of the area in  p late 43> i l lu s tr a t in g  the composite nature
of the fo ld in g .
P late 45. Part o f a large, and possib ly  la te r , concentric fo ld .
Plate 4 6 . A concentric fo ld  with a more b r it t le  type of
deformation.
Plate 47» Chevron-lik e  fo ld in g  associated  with close-spaced jo in tin g .
P late  48. Shear-folds passing in to  chevron-like fo ld s .
32
Almost a l l  d irec tions of fold-plunge, and almost a l l  a ttitu d es  of 
fo lia tio n  have been recorded ( f ig s . 22 & 23). In addition, refolded 
folds of the type shown in p la te  39 are extremely ra re , yet folds of 
widely d iffe re n t a x ia l d irec tio n s  may l ie  in  close proximity (p i. 40 ). 
Consequently no re lia b le  deformation h is to ry  can be estab lished .
There is  lim ited  evidence of re la tiv e ly  early  folding (p i. 41 ), 
most of which, i t  is  suspected, has been destroyed by the subsequent 
highly penetrative  q u asi-p las tic  deformation. Most of the obvious folds 
in  the "Black Schist" belong to th is  phase. The commonest are shear- 
fo ld s , of which th a t in  p la te  42 is  ty p ic a l. They are sim ilar or 
p a ra lle l and the closures may be traced long distances across successive 
lay ers, as in  p la te  43 . In th is  example, shown in  close-up (p i. 4 4  ), 
the composite nature of the fo lding -  a common feature - is  evident.
Other types, such as concentric fo ld s  ( p i .45 > 46 ) are much sparser 
and may be la ter  in  origin  . This includes chevron-like fo lds which are 
associated  with a close-spaced jo in tin g  often  with s lig h t  displacement in  
the manner of a s tr a in -s lip  cleavage (p i. 47 ) .  These are suggestive of 
a more b r it t le  and therefore la ter  deformation, and certa in ly  the sch isto -  
s ity ,  when recognisable, i s  deformed with the fo lia t io n .
There may, however, have been continuous deformation between the 
e a r lie r  "plastic" and the la ter  more b r it t le  stage, for some shear-folds 
can be seen to  pass into chevron-like fo lds in  which a crude jo in tin g  is  
developed as ju st described (p i. 48 ) .  A lso, the b r it t le  stage may have 
been lo c a lly  more intense (p i. 49 )•
A further reason for believ in g  the chevron-like fo ld s to be re la tiv e ly  
la te  phenomena is  that the associated  m icro-jointing is  near-vertical and 
may sometimes be seen to l i e  p a ra lle l to the a x ia l plane of large open 
flexure fo ld s (p i. ^0  ) , found in the centre o f the "Black Schist" mass
* Note, for instance, the less-regu lar nature of the fo ld  in plate 46 •
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P late 49* I llu s tr a t in g  the e f fe c ts  of in tense shearing during the b r it t le
stage of deformation.
P late 30« A large flexure fo ld  with jo in tin g  p a ra lle l to  the a x ia l plane.
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and which plunge a t about 50° towards 330°. This d isp osition  is  unlike 
the otherwise id en tica l though sn a iler  la te  buckles in  the "Black Schist" 
below Craig Leek, north of the Dee; nor does i t  agree with the only- 
s t a t i s t ic a l  ax is of deformation that can be derived from stereographic 
p lo ts of a l l  fo ld  axes in  the "Black Schist" ( f ig .  23 ) .
This s t a t is t ic a l  a x is , based on the general attitu d e of the fo lia t io n  
and to a le sse r  extent that o f the sc h is to s ity , points to a r e la tiv e ly  
la te  deformation on a Caledonoid a x is .
In summary, then, i t  can only be said that th is  b e lt  of hornfelsed  
sch is t has suffered more than one phase of deformation.
Faults
The Dalradian rocks of the Central Highlands of Scotland are tran­
sected by large s in is tr a l tea r -fa u lts  trending N.F.-S.W, A smaller 
representative of th is  group l i e s  ju st outside the area mapped, to the 
southwest of Braemar (see map , f ig .  47 ) ,  the displacement along i t  being 
of the order of one m ile. Within the area no such fa u lts  have been 
id e n tif ie d . As in  other Dalradian regions d islocations are re la tiv e ly  
uncommon, e ith er  because the tecton ics are too complicated to permit th eir  
recognition , or because deformation remained p la s t ic  u n til very la te .
Evidence for other fa u ltin g  has been found on a er ia l photographs as 
w ell as in  the f ie ld .  In the la t te r  case physical features and/or the 
juxtaposition  of mutually incompatible structures provide -the main clues 
in  the search for lin ear  displacements. In only one instance can the true 
fa u lt  plane with attendant shattering be observed. Of the few fau lts in  
the area almost a l l  l i e  between N-S and N.E.-S.W. in  trend, and appear to  
be n ea r-v er tica l. There i s  possib ly  a N-S se t and a N.E.-S.W. se t but 
the to ta l  number i s  too few to be certa in  of th is .  In most cases the 
precise na-fcure o f the fa u lt i s  not known.
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What i s  su re ly  th e  la rg e s t  f a u l t  in  th e  a rea  can be c le a r ly  deduced 
from the  r e la t io n s h ip  o f the  P e rth sh ire  Q u artz ite  to  th e  Ben Eagach S ch ist 
on C^m nan S g l ia t  and on C raig  Leek. In  th e  former th e  Ben Eagach S ch is t 
l i e s  norm ally  above th e  P e r th sh ire  Q u a rtz ite , b u t ju s t  n o rth  o f the  Dee 
on C ra ig  Leek appears to  l i e  s t r u c tu r a l ly  and to p o g rap h ica lly  below the 
P e r th sh ire  Quart z i t e .  Only a  n e a r -v e r t ic a l  f a u l t  w ith  an e a s te rn  down­
throw of more than  100 f e e t  can be re sp o n s ib le . Such a  la rg e  f a u l t  p re­
sumably i s  th e  prim ary cause o f the  c l i f f s  h e re , and indeed may be re s ­
p o n s ib le  f o r  th e  whole d ry  v a lle y  a long  which the  Dee once flow ed. The 
f a u l t  may th u s  curve round w ith  th e  v a l le y , o r give o f f  as a  branch a 
sm alle r f a u l t  runn ing  in to  A nt-Sron. The sm aller i s  recognised  by the  
incom patib le  s t r ik e s  o f th e  lim estone and s c h is t  on e i th e r  s id e  w hile 
th e  p e c u lia r  k ink  in  i t s  l in e  r e f l e c t s  th e  c lo se  prox im ity  o f  the  two 
opposing masses o f ro ck s , where the  p o s it io n  o f  the  f a u l t  can be f ix e d  to  
w ith in  a few f e e t .  The f a u l t  i s  te rm ina ted  by a sharp g u lly  -  p o ssib ly  
the  s i t e  o f ano ther f a u l t .  Also on A nt-Sron i s  a  N.E.-S.W. h i^ - a n g le  
f a u l t  which i t  i s  necessa ry  to  p o s tu la te  to  sep a ra te  a huge mass of 
q u a r tz i te  from a  fe a tu re  o f lim estone .
The o th e r end o f the  main v a lle y  f a u l t  would be expected to  occur 
on th e  e a s t  s id e  o f  Carn nan S g l ia t ,  bu t no la rg e  f a u l t  can be found.
I t  p o ss ib ly  te rm in a te s  a t  C h u rte r’ s Chest where sm aller f a u l t s  have been 
tra c e d  o r  i t  could d ie  out a long  th e  v e ry  s t r a i ^ t  V-shaped v a lle y  
(G la is  Mhor) c u t in to  th e  Ben Eagach S ch is t and ly in g  in  l in e  w ith  the 
la rg e  d ry  v a l le y .  Exposures o f s c h is t  a t  th e  upper end o f th e  v a lle y , 
however, prove th a t  no displacem ent e x is ts  a t  th i s  le v e l .  The in e v ita b le  
conclusion  th a t  th e  main f a u l t  does n o t continue to  th e  south has an 
im portan t b ea rin g  on th e  argument fo r  o r a g a in s t the ex isten ce  o f a  
r in g - f a u l t  c ircu m scrib in g  th e  Lochnagar G ran ite .
In  the  quarry  due n o rth  o f th^  Lion* s Face (map 2) a  f a u l t  may be
n  g
Plate 5 1 . Fault (arrowed) in  the quarry-face, Creag Ghoinnich.
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studied in d e ta il (p i.  51 ) .  The fau lt-p lane trends 50° east of north 
and dips a t 60°-75° to the northwest, the downthrow on the northwest side 
being about 50 fe e t  (measured v e r t ic a lly ) .  On a sm aller, neighbouring 
fa u lt slick en sid es plunge 45° tov/ards 85°. The fa u lt zone of the former 
d islo ca tio n  contains a crushed mass of quartzite and i t  i s  evident that 
sch istose  rocks have been lo c a lly  dragged into the movement-plane. D is­
located sheets of granite may be matched up on either side o f the fa u lt .
Around the quarry jo in tin g  in  the main rock-types has only loca l 
s ig n ifica n ce , but smaller fa u lts  have sim ilar d irection  and behaviour 
to the larger, and some of these cause shearing and slickensid ing  in  the 
gran ite .
On Cra.ggan Rour, north of the Dee, a possib le N-S fa u lt i s  v is ib le  
from a e r ia l photographs as a narrow negative feature. In the f ie ld  the 
geology alone does not reveal the fa u lt , but as the f ie ld  map (1) shows 
the geology i s  nevertheless s im p lified  by id en tify in g  the feature as a 
fau lt even though the movement is  not known. Since the fault-plane is  
obscured, the minor granite bodies -  irregular as always -  cannot be 
proved to  pre-date the fa u lt , but th e ir  d istr ib u tion  suggests that th is  
be so in  most cases.
A sim ilar feature, ly ing  farther east and running p ara lle l to the 
c l i f f s ,  cannot be seen to a ffe c t  the d istr ib u tion  of the metasedimentary 
rocks, but i s  considered to  be a fa u lt . Some outcrops of granite may be 
displaced along th is  lin e  but since a sheet o f m icrodiorite (normally 
pre-granite) traverses the feature clean ly  i t  follow s that th is  fau lt  
i s  ea r lier  than seme, at le a s t , of the gran ites.
In sp ite  o f the many nearly circu lar or concentric features in  the 
main Lochnagar Granite Complex, no d irect evidence has been found around 
Braemar of a r in g -fa u lt .
Within the main granite margins, however, there are some in teresting
Plate 5 2 . F a u lt-lik e  feature in  granite (centre d istance)
P late 55» Marshy ground on the lower side o f the fa u lt - l ik e  fea tu re.
Plate 54» Light- and dark-weathering granite on opposite s id es o f the
fa u lt - l ik e  featu re.
K
Plate 33. Join ting p a ra lle l to the a x ia l plane of fo ld s  in  massive quart z ite
P late 3 6 . Various se ts  of jo in t-p lan es in  an outcrop of Pertlishire Quartzite
P late 3 7 . S i l l - l ik e  mass of granite in  the lower nappe, Creag Ghoinnich.
Plate 58. Part o f d e ta il  shown in  p late 57j i l lu s tr a t in g  
m icro-jointing in  the gran ite .
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linear structures (seen from a er ia l photographs). About one mile south- 
southwest of Sroh a Bhruic a set of negative features l i e s  p ara lle l to 
the edge o f the mass. A smaller se t  l i e s  at right angles. Of a l l  of 
these only one of the la t te r  se t has several of the aspects of a fau lt  
in  the granite
(1) I t  is  a d is t in c t  "one-sided" feature (p i. 52 ) , i . e .  a scarp.
(2) The lower side is  occupied by marshy ground (p i. 55 )•
( 5 ) I t  separates light-w eathering granite from dark-weathering 
granite (p i.  54 ) .
However, the examination of fresh material reveals no su p erfic ia l 
p etro log ica l d ifference in  the two gran ites. As no contact i s  preserved, 
and there i s  no evidence of crushing in  the rocks near the feature, no 
fa u lt  can be proved. The other structures are probably part of a major 
jo in t pattern in the Lochnagar Granite.
Join ts; cleavage in  igneous rocks
As already described, jo in ts  may be developed p a ra lle l to bedding 
planes and to the a x ia l plane of fo ld s in  quartzites (p i. 55 ) and quartz- 
rich  rocks. However, jo in ts , minor fractures, cleavage e tc . that have no 
obvious re la tio n  to fo ld ing  have been found in  igneous rocks, as w ell 
as in  q u artzites . In p late 56 the Perthshire Quart z ite  o f the upper 
nappe i s  seen to have several se ts  o f close-spaced jo in ts . The hammer 
and ru ler re s t  on a jo in t-surface which i s  almost certa in ly  a bedding- 
plane, crossed by a lin ea tio n . The follow ing il lu s tr a t io n  (p i. 57 ) is  
of a s i l l - l i k e  mass of granite invading gently dipping quartz it e  and 
quartz-rich sch is t in  the lower nappe on Creag Ghoinnich. A close-up  
view in  the v ic in ity  o f the haianer (extreme l e f t )  reveals a pronounced 
m icro-jointing (p i. 58 ) .
Readings of the a ttitu d e of these planar elements have been co llected
NPo/es in jointing etc.
N
L O W E R  N A P P E
P oles  io jointing etc.
P ig , 2 4 . Stereograms ( . /u l f f  n et) o f  p o le s  to  jo in t - s u r fa c e s  in  q u a r tz ite  
( o ) and jo in t - s u r fa c e s ,  ’’c lea v a g e” or f o l ia t io n  in  igneous  
rocks ( ® ) in  the upper nappe ( i )  and lower nappe ( i i ) .
P la te  39» I l l u s t r a t i n g  th e  e f f e c t  o f h i ^ - a n g l e  j o in t s  on ou tcrops o f q u a r t z i t e ,
Cam  nan S g l i a t .
Plate 60. A " f e ls i t e ” a ffected  hy high-angle jo in ts , Carn nan S g lia t .
P la te  6 l o ’’C leavage'' or f in e  f o l i a t i o n  in  a body o f ’’f e l s i t e ” .
m m
P la te  62 . Crude c leavage  in  g ra n i te  a d ja c e n t to  in c lu s io n  of s c h i s t
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from both nappes. P lotted  on stereograms they reveal a sim ilar d is tr i­
bution pattern, and presumably therefore have had a sim ilar orig in .
Figure 2 4 ii  (lower nappe) and figure Z^i (upper nappe) summarise the 
availab le readings (to the nearest 5 °), those from igneous rocks -  but 
not including true ep id io r ites  -  s l ig h t ly  outnumbering those from quart­
z i t e s .  In addition  readings of "cleavage” or alignment of p laty minerals 
in  igneous rocks (mostly gran ites) have been recorded.
While there i s  a considerable spread of planes, both diagrams show 
the jo in ts  to be n ear-vertica l and to have a tendency to f a l l  into t\fo 
roughly equal groups, one str ik in g  between 520° and 550° , the other 
between 10° and 60°. The two se ts  thus in tersec t at approximately 60°.
There would appear to be a very s l i ^ t  d ifference in  orientation  be-bfeen 
the two nappes but no sign ificance can be attached to i t .  P late 59 , 
looking northeast along the lower le v e ls  o f the upper nappe on C^n nan 
S g lia t , i l lu s tr a te s  the e f fe c t  of some o f these high-angle jo in ts  on 
the outcrops o f quartzite; while p late 60 shows th eir  e ffe c t  on the 
f e l s i t e s  from h i^ e r  le v e ls  in  the same nappe.
The "cleavage" in  the igneous rocks, w hile varying in  s tr ik e , dips 
at usually  le s s  than 50°, and generally towards the south-southeast. I t  
i s  thus nearly perpendicular to both se ts  of jo in ts  mentioned above. In 
granites i t  may be a flow alignment of dark minerals, or a deformation 
phenomenon. I t  has a lso  been recorded, though rarely , in  f e l s i t i c  rocks 
(p i .  61 ) .
While in ten se ly  sheared exposures of granite have been encountered 
no d is t in c t  shear zones or shatter b e lts  can be recognised. The deformation 
i s  believed  to  be rela ted  to  the main phases o f  fo ld ing (see "Petrofabric 
A nalysis"), though very lo c a lly  the granite may take on a cleavage 
p a ra lle l to  that o f adjacent inclusions or contacts with sch ist (p i. 62 ) .
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B. PETROFABRIC ANALYSIS
In tro d u c tio n
The P e r th s h ire  Q u artz ite  was f i r s t  s e le c te d  f o r  study in  an attem pt 
to  compare deform ation in  th e  two nappes. However th e  contoured s te re o ­
grams produced by s tan d a rd  techn iques rev ea led  considerab le  v a r ia t io n s  in  
th e  q u a r tz - fa b r ic s  of th e  v a rio u s  specim ens.
I t  was subsequen tly  decided  to  analyse  th e  g ra n ite ,  which occurs in  
bo th  nappes, in  th e  hope th a t  an  understand ing  o f i t s  fa b r ic  would help  to  
determ ine th e  n a tu re  o f th e  o ld e r  q u a r tz i te  f a b r ic s .  However th e  v a r ia tio n s  
in  th e  g ra n ite  were found to  be as marked as those in  th e  q u a r tz i te ,  w hile 
th e  stereogram s appeared more complex. F u rth e r analyses to  d isco v er i f  
th e  g ra n ite  was o f m u ltip le  in t r u s io n  le d  to  the  idea  th a t  g ra n ite s  of 
d i f f e r e n t  c h a r a c te r i s t ic s  and environments v a r ie d  in  t h e i r  s u s c e p t ib i l i ty  
to  deform ation , and th a t  some may have in h e r i te d  q u a r tz i te  fa b r ic s  as  a  
r e s u l t  o f a s s im ila t io n  o f th e  q u a r tz i te ,  or because th e  g ra n ite  o rig in a te d  
by replacem ent of q u a r tz i te .
L a s tly  i t  was a ttem pted  to  l in k  the  fa b r ic  of deformed s e m i-p e li t ic  
rocks d i r e c t l y  to  th e  fo ld s  concerned by an a ly s in g  samples from a se le c ted  
minor fo ld .  In  th i s  in s ta n ce  mica fa b r ic s  were a lso  s tu d ie d .
Techniques
Where g ra n ite  specimens were to  be examined, th ey  were s e le c te d  from 
c o n tac ts  w ith  q u a r tz i te  to  provide a  d i r e c t  comparison of th e  two. TW 
a c tu a l  c o n tac t was prepared  fo r  mounting where p o s s ib le , and th e  o r ie n ta t io n  
mark o f th e  s e c tio n  tr a n s fe r re d  to  th e  p e rim ete r o f  the  stereogram .
For q u a rtz  f a b r ic s  a  4-a.xis u n iv e rs a l s tag e  was employed and the  g-axes 
were p lo t te d  d i r e c t ly  on to  a  200 cm. equal a re a  s te reo g rap h ic  n e t .  Normally 
200 o r 500 p o in ts  were p lo t te d .  By u s in g  a  one-centim etre g r id  and a  1^
C B (u ) •Oi) po/nts ( B /Bo JOO points
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:Pig. 25 . Stereograms of q u artz ite  fa b rics  (quartz c -a x e s) .
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P ig . 26. Stereograms o f  q u artzite  fa b r ic s  (quartz c -a x e s ) .
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Fig . 2 7 . Stereograms comparing quartz and mica fa b r ic s  in  qu artzite,
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co u n te r , as  d escribed  in  Emmons (1945) th e  f in a l  r e s u l t  was achieved .
In  mica diagrams th e  pole o f th e  cleavage was used in  th e  same way.
P r a c t ic a l  D i f f ic u l t i e s
P r a c t ic a l  d i f f i c u l t i e s ,  which could  s l ig h t ly  a f f e c t  th e  r e s u l t s ,  
inc lu d e  the  measurement o f s tra in e d  qu artz  c ry s ta ls  w ith  undulose 
e x tin c t io n , th e  measurement o f sm all c r y s ta ls  and th e  d is t in c t io n  of 
normal q u a rtz  from p e r th i t i c  q u artz  in  f e ls p a r .  In  th e  f i r s t  case only 
th e  s iz e  o f  th e  maxima could  be a f fe c te d . In  th e  two o th e r cases the 
d i f f i c u l t i e s  were n o t encountered o fte n  enough s e r io u s ly  to  a f f e c t  the 
p a t te rn  o f th e  f a b r ic s .
Examples o f  Q u a rtz ite  F ab rics
A ll e ig h t samples examined ( f i g s ,  25, 26, 27) show a p re fe rre d  o rien ­
ta t io n  o f t h e i r  q u artz  c ry s ta ls  to  a g re a te r  o r le s s e r  degree. U sually  
one or more p a r t i a l  g ird le s  a re  rev ea led  by the  stereogram s, o r le s s  
commonly, a  s m a ll-c irc le * .
Specimen CB l$ 6 ( a ) ,  from th e  Lower Nappe south o f th e  Dee, has the  
h ig h e s t recorded  point-maximum of 16^  w ith in  a  w e ll-d e fin ed  broken g i rd le .  
The p o s it io n  of a  p o ss ib le  very  weak p a r t i a l  second g ird le  compares w ith  
th a t  o f  th e  f a b r ic  o f th e  g ra n ite  in  ccm tact. P o in ts  in  th e  stereogram  
o f CB 186, from th e  Lower Nappe n o rth  o f  th e  Dee, a re  le s s  co n cen tra ted , 
b u t th e re  a re  again  in d ic a tio n s  of two broken g ir d le s ,  A th i r d  specimen 
from th e  Lower Nappe, GB 68( a ) ,  has one reasonab ly  complete g ird le  w ith  a  
h ig h  maximum of 1 2 ^  through which passes a second, weaker g i r d le .
Only one specimen (CB 194(a ) )  from th e  Upper Nappe compares w ith  
those  m entioned. The rem aining samples a re  weakly o r ie n ta te d . There i s ,  
however, a p o s s ib i l i ty  th a t  th e  fa b r ic  o f GB 80(a) re p re se n ts  a  s m a ll-c irc le .
* On an equal a re a  n e t a  s m a ll-c irc le  i s  no t a  tru e  c i r c l e .
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F ig . 3 0 . Stereograms o f granite fa b r ic s  (quartz £ -a x e s ) .
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This i s  supported  by evidence o f a w e ll-d e fin ed  s m a ll-c irc le  in  the 
f a b r ic  o f ŒB 128 (see  l a t e r ) .
When bedding or cleavage in  th ese  q u a r tz i te s  i s  v i s ib le  i t  i s  always 
ob lique o r n e a r ly  p e rp en d icu la r to  the  main g i rd le s ,  b u t a t  a low angle 
to  th e  g re a te s t  maxima. G enera lly  no sim ple re la t io n s h ip s  between fa b r ic  
and e x te rn a l fe a tu re s  a re  obvious.
Mica diagrams may e x h ib it  g ird le s  in  agreement w ith  quartz  g i r d le s .
The mica maximum in  GB 194(a) ag rees  e x c e lle n tly  w ith  th e  po le  o f "bedding",
Examples o f G ran ite  F ab ric s
None o f the  sang les  analysed  shows th e  s tro n g  p re fe rre d  o r ie n ta t io n  
o f some o f  th e  q u a r tz i te s ,  w h ile  m ic ro g ran ites  are le s s  a f fe c te d  s t i l l  by 
defo rm ation . Of 12 specimens 4 a re  ap p aren tly  is o tro p ic ,  th e  most s tro n g ly  
deformed being  from th e  lower nappe.
The stereogram s o f  g r a n i te /q u a r tz i te  co n tac ts  are perhaps th e  most 
in te r e s t in g .  Specimen CB 136(a ) -  th e  q u a r tz i te  w ith  th e  g re a te s t  degree 
o f q u a rtz  p re fe rre d  o r ie n ta t io n  -  i s  in  co n tac t w ith  a  g ra n ite  having an 
in te rv e n in g  c h i l le d  phase of 5 mm. w id th . The stereogram s o f  bo th  igneous 
phases r e f l e c t  th e  main g i r d le  o f  th e  q u a r tz i te  ( f i g ,  31 )• GB 68 i s  a  
s im ila r  case  b u t w ithou t th e  c h i l le d  phase. The fa b r ic s  o f  CB 194(b) and 
GB 188(b) a re  a p p a re n tly  is o t r o p ic ,  and thus c o n tra s t  w ith  t h e i r  a sso c ia te d  
q u a r tz i te s .
In  th e  g ra n ite  GB 11(b) a  d i s t in c t iv e  fa b r ic  can be seen, b u t th a t  o f 
th e  p o ss ib ly  younger m ic ro g ran ite  in  co n tac t i s  is o tro p ic :  y e t GB 73» 
m ic ro g ra n ite , i s  v i r t u a l ly  is o tro p ic  w hile a  l a t e r  qu art»  v e in  c u tt in g  i t  
e x h ib its  a  s tro n g  p re fe r re d  o r ie n ta t io n ,  th e  m a jo rity  o f  th e  quartz  o-axes 
ly in g  n e a r , b u t n o t in ,  th e  p lane o f  the  sh ee t i t s e l f .  This suggests a  
d i f f e r e n t  mechanism o f  o r ie n ta t io n .  Gee f ig #  3 2 .
O ther in te r e s t in g  fe a tu re s  a re  to  be seen in  a  co n tac t specimen of 
gK in ite  and p o rp h y r it ic  m icrog ran ite  (GB 46) .  The quartz  from th e  g ran ite
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F ig . 55* Stereograms comparing th e  quartz fa b r ic  o f  a g ra n ite  w ith  
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t e s t  th e  v a l id i t y  of in te r p r e ta t io n s .
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has a 6^ maximum: the  f a b r ic  in  th e  p o rp h y r itic  qu artz  of th e  m ic ro g ran ite , 
though n o t id e n t ic a l ,  has a  maximum of 8^. The groundmass o f the  micro­
g ra n ite  has a  much weaker f a b r ic  ( f i g .  20 ,34) b u t i t s  p a t te rn  agrees more 
favou rab ly  w ith  th a t  o f th e  g ra n ite  than  w ith  th e  p o rp h y r itic  q u a rtz . 
F in a lly  th e  f a b r ic  of th e  q u a rtz  in c lu s io n s  in  th e  p o rp h y r itic  f e ls p a r  can 
be seen to  be v i r t u a l l y  is o t r o p ic .
Examples from O ther Rocks
For com parative purposes i t  i s  worth m entioning here  the  stereogram s 
o f a  m ica-bearing  q u a r tz i te  band w ith in  p e l i t i c  s c h i s t .  The fo ld ed  q u a rt­
z i t e  (see  " la te r-C a led o n o id  S tru c tu re s " , p . 2 8 )  was sampled in  th re e  p laces 
(CB 128, 129, 130) .  Stereogram s o f  th e  q u a rtz  and mica fa b r ic s  a re  p re ­
sen ted  in  f ig u re s  42- / 4 , w ith  a f u l l  d e sc r ip tio n  on page 46  e t  seq .
In  summary, th e  fa b r ic s  show a s tro n g  degree o f p re fe rre d  o r ie n ta t io n .  The 
q u a rtz  diagrams re p re se n t sm all c i r c le s  c en tred  about th e  main fo ld  a x is .  
The p o les  to  p a r t i a l  mica g ird le s  alm ost co incide  w ith  th is  macroscopic 
a x is .
I n te r p r e ta t io n  of R esu lts
I t  has been assumed th a t  stereogram s w ith  maxima o f n o t le s s  than  55^  
an d /o r w ith  w e ll-d e fin ed  g ird le s  o r s m a l l- c i r c le s ,  a re  v a l id  expressions 
o f th e  f a b r ic .  T his in c lu d es  h a l f  th e  samples an aly sed . The rem ainder 
have had a l l  p o ss ib le  g ird le s  e t c .  marked on them befo re  comparison w ith  
o th e r examples and befo re  r e o r ie n ta t io n  in to  t h e i r  f i e l d  p o s it io n s . I f  
such p o s s ib le  g ird le s  co in c id e  w ith  those  o f  o th e r rooks in  c o n ta c t, they  
a re  deemed to  have some s ig n if ic a n c e . For in s ta n c e , CB 66(a) has one 
w e ll-d e fin e d  g ird le  and one weak. When compared w ith  th e  two assumed 
g ird le s  o f GB 68 (b ), th e  agreement between th e  fa b r ic s  in d ic a te s  th a t  the 
assum ptions are  c o r r e c t .  A nother method was employed w ith  GB 46(a) ( i ) ,  
which was analysed  once and th en  rep ea ted  w ith  a  fu r th e r  200 q u a rts  c -a s e s .
R e o n c n t u t e d  o n  W' u l f f  \ c f
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F ig . 55 S y n - o p tic  d iag ra m  o f  a l l  n o n - is o  t r o p i c  s te r e o g ra m s  sho w in g  
p r i n c i p a l  e le m e n ts  o n l y ,  I’e o r i e n t a t e d  on W u lff  n e t .
42
The two stereograms were then "interpreted*' separately, whence i t  was 
found that the resu lts  agreed reasonably w ell.
In order to interpret the resu lts  c o lle c tiv e ly  a l l  non-isotropic 
stereograms have had th eir principal elements reorientated into their  
actual f ie ld  p o sitio n s, with true north at the top of the diagrams, as 
shown. Immediately i t  can be appreciated that in  the quartzites CB l$ 6 (a) 
and GB 68 (a ) , both from the lower nappe, an excellent correspondence ex ists  
between the main g ird le  of each and between the d istribution of points 
them selves. CB 183(a) and CB 186 are broadly sim ilar to th is  pattern also, 
while CB 195(a) i s  partly  s im ilar. With a s lig h t clockwise rotation the 
fabric of CB 194 f i t s  the same p icture.
Of the gran itic  rocks not paired with quartzites, CB 2 0 /l and CB 75(ii)  
compare w ell, CB 4& (aj(i), ( i i )  and CB 46(b) a l l  having certain sim ilarities  
with the picture mentioned.
From these resu lts  i t  i s  interpreted that a quartz g irdle, lying  
within the lim its  shown in  figure 36 , and with the maximum values tending 
to occur as indicated, i s  a fa ir ly  common feature in the quartz fabric of 
rocks throughout the area. In addition, i t s  position  is  apparently inde­
pendent of the a ttitu d e of bedding or sch isto sity  in most cases.
This generalised girdle may be an ac-girdle to a cross-fo ld , the a- 
d irection  being indicated by the position  of the point-maximum. Girdles 
with transverse trends are le ss  easy to interpret. They could be later  
featu res, yet according to D.M. Ramsay ( 1962) , cross-gird les may under 
certain  conditions be produced in  the plane of active shearing simultaneously 
with ac g ird les .
Other in terestin g  features deserve mention. For instance, a lthou^  
the fabrics of CB 136(a) and the igneous phases associated, (b) and (c ), 
are b a s ica lly  sim ilar there are additional features in  the fabrics of the 
igneous rocks which do not appear to be due to random scatter, and may in
NA r e a
i n t o  w h i c h
m a m  m a x i m a
N
F ig , 36 . The g en era l d i s t r ib u t io n  of maxim and g i rd le s  
in  q u artz  f a b r ic s .
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f a c t  be the  r e s u l t  o f an o th er deform ation , e i th e r  e a r l i e r  or l a t e r .  I f  the  
main g i r d le  common to  th e  q u a r tz i te  and g ra n ite  i s  indeed a c ro s s -fo ld  
a c - g i r d le ,  th e  o th e r s t ru c tu re s  in  th e  g ra n ite  a re  l ik e ly  to  be re f le c t io n s  
o f  o r As th e  g ra n ite  i s  known to  be post-P^^ i f  no t post-FL^, the
g ra n ite  has e i th e r  acq u ired  an even e a r l i e r  q u a r tz i te  f a b r ic  by in h e r ita n c e , 
o r i s  more su sc e p tib le  to  l a t e r  deform ation  than  the  q u a r tz i te ,  The same 
may be t ru e  o f CB 46(a) and (b) where s im ila r  re la t io n s h ip s  e x i s t .
I f ,  as  V oll ( i 960) b e l ie v e s , th e re  i s  no prim ary deform ation fa b r ic  
in  th e  D a lrad ian s , i t  would appear th a t  th e  g r a n i t ic  rocks a re  more sus­
c e p t ib le  to  deform ation  than  th e  q u a r tz i te s .  This in  tu rn  p o in ts  to  the  
c o o lin g  o f th e  g ra n ite  under s t r e s s .
I f  V oll i s  c o r re c t  i t  a lso  means th a t  th e  tra n sv e rse  elem ents in  the 
fa b r ic s  o f  some q u a r tz i te s ,  which do no t l i e  in  sh e a r-p la n e s , must be o f 
l a t e r  o r ig in , l ik e  those  o f  th e  g r a n i te s .  Thus w hile no fo ld s  l a t e r  than  the 
main c ro s s - fo ld s  have been found in  c e r ta in  a re a s  where q u a r tz i te  has been 
s tu d ie d , n e v e r th e le s s  th e  evidence suggests  th a t  a  l a t e r  s t r e s s  system was 
e s ta b lis h e d . The g en era l weakness and in co n sis ten cy  o f th e se  tra n sv e rse  
f a b r ic  s tru c tu re s  im p lies  th a t  th e  q u a r tz i te  masses have p reserved  o ld e r Fg^ 
deform ation fe a tu re s  in  c o n tra s t  to  th e  more responsive  b e l t s  of p e l i t i c  rocks, 
R egarding th e  g ra n ite s  in  g en era l i t  i s  d i f f i c u l t  to  draw conclusions 
as  to  how they  acq u ire  t h e i r  f a b r ic s .  Since some g ra n ite s  undoubtedly have 
p re fe r re d  o r ie n ta t io n s ,  some have none, y e t a l l  d i f f e r  in  v a ry ing  degrees 
from the  q u a r tz i te s  in  c o n tac t (which a re  never i s o t r o p ic ) ,  vario u s  mecha­
nisms can be p o s tu la te d  : -
FABRIC IMERITEB FROM Q.ÏÏARTZITB FABRIC ROR-IRHERITED
( i )  w ith  subsequent deform ation  o f g ra n ite  s t a r t s  w ith  is o tro p ic  f a b r ic
e i th e r  ro ck . "out o f phase" w ith  q u a r tz i te .
( i i )  w ith  i n i t i a l  q u a r tz i te  f a b r ic  HO FABRIC
destroyed  o r a l te r e d  by ( i )  because g ra n ite  in tru d ed
in t r u s io n  o f g ra n i te .  p o st-defo rm ation .
( i i )  because f a b r ic  l a t e r  destroyed , 
( i i i )  because n ear c en tre  o f in tru s io n  
and thus p ro te c ted  from 
deform ation.
P late  63« General view across junction  of q u a rtz ite  ( l e f t  h a lf ; and 
m icrogranite ( r i ^ t  h a l f}, showing a lso  the area covered by 
p la te s  64 and 65. CB 68; x -n ico ls ; x 18.
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Of the .granites with iso trop ic  fabrics i t  seems reasonable to assume 
that th e ir  protecting environment has played a part: the main ms.ss of the 
Locimagar granite appears to be undeformed (Oldershaw, 1958), yet thermal 
metamorphic mineral assemblages in the surrounding sch ists  have suffered  
considerably. I t  is  a lso  noticeable that the finer-grained "granites" 
show weaker preferred orientation  than the coarser. Environmental control 
on the c r y s ta llisa t io n  of quartz is  strongly suggested. At the same time 
the evidence of shattered f e l s i t e s  along the lin e  of major s lid e s  and of 
the lo ca l development of shear zones in  granite proves that in  some cases 
the fabrics must have been affected  by p o st-c ry sta llisa tio n  deformation.
One i s  thus l e f t  with two possible mechanisms, that o f deformation 
and that of inheritance.
Inheritance of Q,uartz Fabrics by Granites
The idea of inheritance has been considered to account fo r  the fact  
that granites which appear to be post-F^^ possess structures which appear 
to be Fg^ in  age.
The actual mechanisms considered are twofold: (1) that granite magma 
may marginally a ssim ila te , without complete m elting, orientated quartz 
crysta ls  from the quartzite host, thereby obtaining an "impression" of 
the quartzite fabric; (2) that marginally a granite magma may cause f e l s -  
path isation  of a quartzite to the extent of producing "granite" retaining  
the old fa b r ic .
At f i r s t  sigh t there is  evidence to  support case ( l ) .  In a number of 
lo c a l i t ie s  small quartzite ra fts  are concentrated w ithin the granite at 
contacts. Less commonly small masses o f quartz have been found. However 
the smaller xenoliths tend to be disturbed and none le s s  than an inch or 
so in  length have been seen. A ll s ize s  should be found i f  the complete 
assim ila tion  theory is  to  be v a lid . Furthermore, pegnatltic fe lsp ar, with  
graphic texture, is  often  associated  with the quartz masses, suggesting a
#
•  *»
r_
Plate 6 4 . Closer view of junction between quartzite (Q) and microgranite (G)
CB 68; X 4 0 .
P late 6 5 , As for p late 6 4 , x -n ico ls,
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simple pegm atitic orig in  for the quartz.
Case (2 ) , that of fe lsp a th isa tio n , has been recognised only very 
lo c a lly .  Although certa in  fine-grained acid in trusives may bear close  
resemblance to  fe lsp a th ic  quartzite, structural discordance between the 
two has l e f t  the w riter in  no doubt that the f ie ld  evidence i s  against 
the granites being produced in  s itu  on a large sca le  from quartzite .
I t  remains only to d iscuss the microscopic evidence for  or against 
fabric inheritance.
There is  a su p erfic ia l resemblance between some quartzites and the 
granites in  contact in  that the former are rich  in felsp ar while the 
la t te r  are rich  in  quartz. Sometimes, too, the felspar in  each shares 
a common alignment, usually  p a ra lle l to  the contact. There m i^ t , there­
fore , be reason to b elieve that in  some cases quartz assim ila tion  has 
occurred, while in  others "granite" has been produced by fe lsp a th isa tio n  
of q u artzite . In CB I 5 6 , for example, the only obvious d ifference between 
the c h ille d  zone and the quartzite is  percentage o f quartz.
However, d eta iled  comparison shows that the contacts are sharp, with, 
in  some instances, an intervening fin er  igneous phase, as in  CB I3 6 .
Igneous zoning in  the p lagioclase crysta ls  may help to d istin gu ish  the 
gran ites, while the proportions o f the a lk a lis  in  the felspars are d ifferen t. 
Examination of areas of quartz in granites shows them to be tex tu ra lly  and 
m ineralogically  d is t in c t  from quartzite even though the s ty le  o f defor­
mation may be id en tic a l.
As there is  only one p ossib le  exception (CB 68 ) , i t  i s  concluded that 
neither assim ila tion  of q u a r tz ( ite ) , nor fe lsp a th isa tio n  of quartzite are 
tenable explanations in general. I t  appears therefore that the sta te  of 
the fabrics in granite i s  the resu lt  o f la ter  deformation which is  possibly  
a lso  responsible for the fo lia t io n  in  some gran ites. Unfortunately, however, 
there i s  no ind ication  of ju st how much la ter  th is  deformation might be.
P la te  66. Deformed q u a rtz ite  band in  sem ipelite , Cam nan S g lia t.
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Dynamics and .Fetrofabrics of Deformed Qqartzite Band in Semipelite
The folded quartzite band from lo c a lity  (038,068), already referred  
to on pages 28 & 4-1* is  il lu s tr a te d  in p lates 66 — 68 and subsequent 
diagrams. The most obvious feature o f th is  fo ld  i s  the abundance of 
closely-spaced  shear-planes, which are sub-parallel to the main ax ia l 
plane and c lea r ly  associated  with the same deformation.
Apart from petrofabric asp ects, there are very in terestin g  dynamic 
problems involved:
(1) Has the e ffe c t iv e  thickness of the quartzite band been increased 
by fo ld ing  as shcnm in  extreme condition by figure 3Ca ; or has the band 
simply been deformed marginally ( f ig .  3 8b ) ; or has shearing acted to cause 
thinning?
(2) Does each fo ld - lik e  nose represent a sing le fo ld ; or i s  each the 
r esu lt  o f shearing and boudinage?
( 3 ) \'/hat i s  the r e la tiv e  d irection  and age o f movement along the 
shear-planes?
(4 ) Is the deformation of the top surface d ire c tly  rela ted  to that 
of the bottom of the band?
( 5 ) Are two ages o f fo ld in g  in  fact represented?
In d e ta il the quartzite reveals more features which help to solve these 
problems ( f ig .  57 )» though bedding-like structures give ambiguous indi­
cations of fo ld in g . This, however, i s  due to the presence o f rea l bedding 
as lin e s  o f  fe lsp a r  crysta ls  or layers of quartz, and to an a x ia l plane 
"cleavage", seen as lin e s  o f elongated fe lsp a rs. The refraction  of th is  
cleavage from the surrounding sem i-p elite  through the quartzite i s  also  
evident.
In the cru cia l central zone most of the d e ta il is  not v is ib le ,  but 
i t  is  evident that strong fo ld in g  has occurred at the margins, as bedding 
in  the quartzite and adjacent sch ist demonstrates (p i. 67 ) .  Lack of
m û t " ' . '
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A l i g n m e n t  of q u a r t z ,  f e / s p a r  c r y s t a l s  e t c
C / e a v a g e ,  r e c r y s t a / Hs ec f  quart z
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(H)
F ig . 57* StniotTiral d e ta ils  in  q u a rtz ite , based on p la tes  6? and 68,
B o / u f m g  o r  b r d i i m g
U c n v I d / z s v d  l /ni i t
a
-B<indtng o r  h e d d m g
G en e ra l i s e d  hnut  
o f  h a n d
b
F ig , $6 . P o ss ib le  in te r p r e ta t io n s  o f th e  degree o f deform ation in  
th e  q u a r tz i te  band: (a ) s tro n g  " in te rn a l"  fo ld in g ;
(b) m arg inal fo ld in g  on ly .
Gfl Cl)
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P ig , 59* (a-) Id e a liz e d  p ic tu re  of fo ld in g  w ith  sh ea rin g .
(b) Two l ik e ly  in te r p r e ta t io n s  o f  th e  r e la t io n s h ip  between 
th e  a x ia l  p lanes and sh e a r-p la n e s ,
NOTE:- Both (a )  and (b) r e f e r  to  th e  upper lim b.
(]
»
b
F ig , 40 . (a ) The g en era l a t t i t u d e  o f sh e a r-p la n e s , "fanning-out" round
th e  main hinge.
(b) The development of wedges by s i n i s t r a l  movement along  
sh ea r-p lan es  (upper lim b )•
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deform ation , obvious in  some p a r ts  o f  the  q u a r tz i te ,  proves th a t  some 
"noses" a re  not fo ld  c lo su res  a t  a l l .
Furtherm ore, th e  absence o f  s tro n g  c e n tr a l  fo ld in g  i s  in d ic a ted  by 
the  f a c t  th a t  sm all fo ld s  on one margin do not always have c o u n te rp a rts  
on the o th e r . This would suggest th a t  deform ation commenced as  sh ea r- 
fo ld in g . However, v i r t u a l ly  every "nose", whether i t  re p re se n ts  a  fo ld -  
c lo su re  or n o t, has a  corresponding  r e a l  fo ld  in  th e  ad jacen t s c h is t .
Thus a c lo se  r e la t io n s h ip  between fo ld in g  and sh earin g  can be e s ta b lis h e d .
The r e la t io n s h ip  between th e  top  and bottom su rfaces  o f th e  q u a r tz ite  
cannot be p ro p e rly  a sc e r ta in e d , however. This depends upon w hether the  
a x ia l  p lanes o f  th e  minor fo ld s  d ip  more o r le s s  s te e p ly  th an  th e  sh ea r-  
p la n e s . I f  the whole o f th e  q u a r tz i te  were evenly  deformed one would 
expect th a t  movement a long  th e  sh ear-p lan es  would tend to  s l id e  out the  
"m iddle-lim bs" o f th e  minor fo ld s  to  b r in g  the  a x ia l  p lanes towards co in­
cidence w ith  the  sh ea r-p lan es  ( f i g .  39a ) .  I f  one accep ts  the  in d ic a tio n s  
th a t  th e  c en tre  o f the q u a r tz i te  band i s  le s s  deformed, the above p a tte rn  
cannot be the c a se . Moreover, i t  would imply a d e x tra l  movement along 
th e  sh e a r-p la n e s , whereas a s i n i s t r a l  movement i s  in d ic a te d  (see below ). 
Thus th e  r e la t io n s h ip  must be as  in  e i th e r  f ig u re  39bi o r f ig u re  39bii th o u ^  
i t  cannot be e s ta b lis h e d  which i s  th e  case .
The c o n tra s t  between th e  q u a s i - p la s t ic  minor fo ld in g  and the  b r i t t l e -  
type sh ea rin g  p o in ts  to  a  tim e-gap between th e  two in  s p i te  o f t h e i r  c lo se  
r e la t io n s h ip .  Shearing must be the  l a t e r ;  the  shape o f th e  s l ic e s  cannot 
be exp lained  o th erw ise , w hile i f  sh earin g  preceded fo ld in g  the  shear-p lan es  
would be ro ta te d  round the  main fo ld -c lo s u re s . As i t  i s  th ey  are  m erely 
"fanned out" ( f i g .  4Ca ) .
The disp lacem ent of r e l a t i v e ly  undeformed p a r ts  o f the  q u a r tz ite  band 
in  th e  upper limb of the main fo ld  ( p i .  68 and f i g .  37 ) proves moreover 
th a t  in  th e  upper and lower limbs movement along  th e  shear-p lan es  was
%M
F ig . 4 1 . R econstruction of fo ld -h is to r y  ( id ea lize d )
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s i n i s t r a l ,  in  the  middle limb d e x tra l  ( f i g .  4c ) .
Measurements o f  th ic k n e ss , where sm a ll-sc a le  fo ld in g  i s  ab sen t, 
in d ic a te  a  minimum value o f two in c h es . The o r ig in a l  th ick n ess  i s  l ik e ly  
to  be more than  th i s ,  a llow ing  f o r  th e  th in n in g  e f f e c ts  o f shearing  and 
p la s t i c  flov;. However i t  i s  b e liev ed  th a t  th e  p re sen t th ick n ess  a t  the  
main c lo su re s  exceeds th e  o r ig in a l .
The sm alle r and th e  la rg e r  fo ld s  a re  l ik e ly  to  be o f  th e  same age, 
fo r  th re e  reaso n s: ( l )  the  s ty le  and a t t i tu d e  a re  c lo se ly  s im ila r ;  (2) the 
absence of minor fo ld in g  in  th e  m iddle limb of th e  la rg e r  fo ld  cannot 
reaso n ab ly  be a t t r ib u te d  to  co incidence and p o in ts  to  sim ultaneous ev o lu tio n ;
( 5) the  sh ear-p lan es  a re  dependent upon both  types o f fo ld  fo r  th e i r  p re sen t 
a t t i t u d e .
R eco n stru c tio n  o f F o ld -H isto ry
The q u a r tz i te  band, under oblique shear p re s su re , began to  deform as 
one u n i t .  A s in g le  la rg e  and many sm alle r shear fo ld s  developed, the 
l a t t e r  partly a s  d ra g -fo ld s  r e l a t iv e  to  th e  la r g e r .  At a l a t e r  and more 
b r i t t l e  s tag e  the  sh earin g  s t r e s s  overcame the  p la s t i c  l im i t  o f  the  q u a rt­
z i t e  causing  th e  development o f  sh ea r-p lan es  and p e rm ittin g  ro ta t io n a l  
movement o f th e  segments w ith  t r a n s p o r t  en b loc towards th e  main fo ld  
c lo s u re s . Concom itantly boudinage o p e ra tin g  a long  th e  margins o f  the 
sh ea r-p lan es  gave r i s e  to  f u r th e r  minor "n o ses" . See f i g .  41.
I n te r p r e ta t io n  o f P e tro fa b r ic s  o f Deformed Band
in  each of the  th re e  samples o f q u a r tz i te  m ialysed (from th e  upper, 
middle and lower lim b s), the  q u a rtz  ç-axes form a sm a ll-c irc le  o f rad iu s  
about 60^ ( f i g .  42 ) .  This i s  cen tred  about th e  b -a x is  o f th e  main fo ld . 
The fa b r ic  i s  thus a r o ta t io n a l  one.
The sm all c i r c l e s ,  i t  i s  suggested, a re  made up o f a t  l e a s t  two p a r t i a l  
g i r d le s .  This is  b e s t  seen in  th e  stereogram  o f CB 128, where th re e  p a r ts
C/4 J O O  p o / n t s L*00 />o//)/6r #  / j v
C B  1 3 0 2 0 0  p o i n t s
1 ;
<-!-
Q L A R T / n r  H A . \ n
M a m  g ird le s  
OT HE R  SYMBOLS AS FOR
FIGURE 35 see k ey
F ig , 42. S tereogram s (q u a r tz  £ -a x e s )  of th e  deformed q u a r tz i te  band.
CB 128 upper lim b, CB 129 m iddle lim b, CB 1$0 low er lim b.
CB f J S J O O  p o i n t s  C B  /JO d O O  p o i n t s
■8 -
P/niù^of ---
V ,
2 0 0  points
Plane of fractures
P ig , 43* Mica diagraios o f CB 128, 129 and 130,
r #  / j v
4
Plane J)L
C B  1 2 0 B - w u
M a m  y ir d le s  - qu artz fahnc  
M tc a  q ird le
O T H t R  SYMBOLS AS FOR 
F l(j URF 35 see k ey
P ig . 44. The principal elements of stereograms in  f ig s .  42 and 45 
rotated to  th e ir  true p osition  on V/ulff n et.
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of the small c ir c le  f a l l  more read ily  into separate p artia l g ir d le s . V/hen 
rotated to th e ir  orig in a l geographic p osition  these suggested elements show 
fa ir  agreement among the three samples ( f ig .  44  ) .
In CB 129 there is  a concentration of points around the position  
indicated by a s ta r . This p osition  l i e s  90*^ 5*^  from the centre of the 
sm a ll-c irc le  (= the b -ax is) and w ithin the plane o f shearing. In the sense 
that th is  structure i s  of small radius and l i e s  a t 90° from the megascopic 
fo ld  a x is  there is  agreement with the findings of Dhonau ( 196I) in  a study 
of a refolded Moine rock. He, however, id e n tif ie s  an ea r lier  incomplete 
gird le  rather than a sm a ll-c irc le , but the general pattern of h is  contoured 
diagrams i s  very sim ilar to  those now presented. Dhonau concluded that as 
the fo ld in g  progressed so the early g ird le was replaced by a sm all-c ircle  
about a. From the p osition  of the shear- or fracture-planes, and of the 
mica maximum in the mica fab r ic , the a -ax is in  CB 129 can be fix ed . It  
coincides p rec ise ly  with the centre o f the structure ju st described.
The mica diagrams o f  the three specimens reveal additional in terestin g  
fea tu res. Each shows a good point-maximum on a broken g ird le . Two examples 
are id en tic a l in  every resp ect, but the th ird , from the middle limb of the 
fo ld  (CB 129) , d if fe r s  in the p osition  of both the point maximum and the 
g ir d le . The specimens a l l  agree, though, in  having th e ir  mica-maxima centred 
on the corresponding pole to  the shear-planes. Figure 45 demonstrates that 
a fter  a hypothetical rotation  of these shear-planes to a coincident p osition , 
the point mxima would a l l  agree, but the appropriate g ird les would s t i l l  
be oblique to one another, rather than being centred on the b -a x is . At 
th is  atage the conclusion must surely be that the orientation  of mica is  
controlled  mostly by linear shear-movements, as against the rotational ones 
responsible for the quartz fab ric .
However, the rotation  mentioned above would a ffe c t  the common attitude  
of the g rea t-c irc le s  in the quartz-fabric. I t  i s  concluded that the great- 
c ir c le s  are not d ire c tly  related  to the formation of the shear-fractures,
î » y,-. ■)! / ' / ‘n / f ' i  tKM)
S f i ' U  ( / / r t f l cs  ytitfi
ma  \ / / na
F ig . 45* Three-cLimensional view o f th e  ohear-p laaes  and mica g i rd le s  
w ith  r e s p e c t  to  th e  upper and middle lim bs o f th e  fo ld .
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and a re  thus of e a r ly  o r ig in , p o ss ib ly  remnants o f deform ation.
F in a l ly  th ese  r e s u l t s  in d ic a te  th a t  a t  l e a s t  fo r  th e  F^^ deform ation 
th e  p e tro fa b r ic  d a ta  can be d i r e c t ly  r e la te d  to  th e  f i e ld  evidence of 
fo ld in g  and sh ea rin g , and th a t  more tlian one deform ation is  re q u ire d  to  
account fo r  th e  v a r ia t io n  in  rock  fa b r ic s  in  th e  a re a .
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PART IV
MgrAMORHIISM
In tro d u c tio n
Metaraorphic e f f e c ts  in  the  rocks around Braernar have been s tu d ied  
m ainly in  the p e l i t e s .  These belong to  th e  Ben Eagach "Black S ch is t"  and 
th e  B la i r  A.tholl S e r ie s . Some a re  a sso c ia te d  w ith  the P e rth sh ire  Quart­
z i t e  S e r ie s .
In  o rder to  i l l u s t r a t e  th e  metamoiphic h is to ry  o f the a re a  comparisons 
w i l l  be made between th e  s c h is ts  o f th e  a re a  mapped and those o f  th e  w ider 
reg io n  ex tend ing  to  the  sou thw est. This w i l l  f a c i l i t a t e  a study  of the  
metamorphic changes to  be found going from seven m iles to  th e  southwest of 
the  Lochnagar G ran ite , r ig h t  to  the margins o f  th e  g ra n ite  mass i t s e l f .
Previous Work
One o f th e  few s ig n if ic a n t  works pub lished  on th i s  a sp ec t o f the 
geology i s  th e  "E xplanation  o f Sheet 65" , in  th e  Memoirs o f  th e  G eological 
Survey, S co tland , by G. Barrov: and S.H . Cunningham C raig , in  I 9I 2 . This 
account does not p re se n t a  c le a r  p ic tu re  a s  reg ard s  the  main cau se(s) of 
the metamorphism, and the d is t r ib u t io n  of th e  v a ry in g  types o f  metamorphism.
I t  i s  reco g n ised  th a t  the m e ta  morphism is  g e n e ra lly  e a s i ly  sep arab le  in to  
an e a r l i e r  re g io n a l phase, and a l a t e r  therm al phase (caused by th e  Newer 
G ran ite  o f Lochnagar, e t c . ) .  The reg io n a l metamorphism i s  considered  to  be 
"Dynamic and C o n stru c tiv e" ; th e  form er depends la rg e ly  on th e  type o f fo ld in g , 
producing such fe a tu re s  a s  f o l i a t io n s ,  s t r a i n - s l i p  s c h i s to s i t i e s ,  and m ullions; 
the  l a t t e r  i s  alm ost e n t i r e ly  therm al in  n a tu re  (n o t to  be confused w ith  the 
l a t e r  c o n ta c t therm al e p iso d e s).
The memoir leaves th e  im pression th a t  w hile seme o f th e  Newer G ranites
1  #  <B.KILATBR
B r q e m o r  >* ^
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Fig* 4 6 . Barrow’ s Zones: a f t e r  G. Barrow ( I 9I 2) ,
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in  the  S c o ttis h  H ighlands have good c o n ta c t a u re o le s , w ith  th e  development 
o f h o m fe ls e s , th e  A berdeenshire masses do n o t, S il l im a n ite -b e a r in g  rocks 
(th o se  ra is e d  to  th e  h ig h e s t tem p era tu re s ) have a re g io n a l d is t r ib u t io n  
independent of th e  g ra n ite s ,  w hile the  s i l l im a n ite -h o rn f e ls ,  a lthough  more 
r e s t r i c t e d ,  does no t occur as  a  continuous au reo le  round any o f th e
Newer G ran ite  Masses o f th i s  a rea"  (p . 110 ) .
However, as regards the Braernar a re a ,  i t  is  apparen t th a t  Barrow in  
fa c t d iscovered  o therw ise , fo r  he found th a t  the  e f f e c ts  of a subse­
quent c o n ta c t metamorphism . . .  supersedes ( s ic )  and o b l i te r a te s  ( s ic )  any 
e f f e c t s  of th e  re g io n a l type in  the  neighbourhood of the  p lu to n ic  in tru s io n s  
o f the  newer magma" (o p .c i t . ,  p .10$). Furtherm ore, in  the  "Summary of Pro­
g re s s" , 1897, P*49, and in  the  main p u b lic a tio n  o f 1912, p .106, i t  i s  
observed th a t  around, and to  the  n o rth , n o r th e a s t , west and southw est of 
Braernar, " . . .  the  a rea  over which th e  a l t e r a t io n  in to  h o m fe ls  occu rs, has 
been found by Mr. Barrow to  be s u b s ta n t ia l ly  id e n t ic a l  w ith  th a t  in  which 
the  in tru s io n s  of g ra n ite  have taken  p la ce " . I t  must be no ted , though, th a t
s i l l im a n i te  i s  no t mentioned h e re , bu t on p . 105 o f the  1912 p u b lic a tio n  i t
i s  s ta te d  th a t  s i l l im a n i te ,  c o r d ie r i te  and a n d a lu s ite  a re  ty p ic a l  of the 
h o m fe lse d  "Black S ch is t"  to  th e  n o rth  and n o rth e a s t o f Braemar.
According to the  Memoir, a n d a lu s ite  occurs up to  fo u r m iles sou th  of 
Braemar, k y an ite  up to  s ix  m iles , and s t a u r o l i t e  up to  seven m ile s . G arnet 
i s  abundant in  most a re a s  of sh ee t 65 , so u th  of Braemar, w hile  c o rd ie r i te
i s  r a r e .  S i l l im a n ite  is  no t mentioned h e re . The Memoir fu r th e r  s ta t e s  th a t
the  m inera l iso g iad s  meet the  Lochnagar G ran ite  a lm ost a t  r ig h t  a n g le s .
These a re  presum ably th e  boundaries of Barrow’s Zones, a s  shown on h is  map 
o f 1912 ( f i g .  46 ) .  The Survey would th u s  seem to  have recognised  the  
zones of re g io n a l metamorphism, w ith  th e  superimposed zone o f c o n tac t th e r ­
mal metamorphism, a s  w itnessed  by th e  occurrence o f a n d a lu s ite  and c o r d ie r i te ,  
and a ls o  by th e  development of h o rn fe ls in g .
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re c o g n ise s  p u re ly  c o n ta c t- th e rm a l e f f e c ts  In  th e  hom felsed . lim estone , 
caused by Newer G ra n ite .
In  h is  paper on the com posite g n e iss  of Glen Shee, V/,0 . W illiam son 
(1955) m entions th a t  w h ile  h is  a re a  has many s i m i l a r i t i e s  w ith  Cromar, no 
a n d a lu s i te ,  c o r d i e r i t e ,  and s i l l im a n i t e  have developed d u r in g  th e  re g io n a l 
metamorphism a s so c ia te d  w ith  the emplacement o f th e  O lder G ran ite  th e r e . 
In s te a d , th e se  th re e  m inerals  a re  produced in  th e  therm al a u re o le  o f th e  
Younger G ran ite  ( g r a n o d io r i te ) , where i t  c u ts  the com posite g n e iss  and 
a s s o c ia te d  s c h i s t s ,  and h o rn fe lse s  them.
Thus, p rev ious work p re se n ts  c o n f l ic t in g  id eas  re g a rd in g  both  the  
n a tu re  o f , and sequence o f ev en ts  in , the  metamorphism. The p re s e n t study  
b r in g s  a g re a t  d e a l of a d d i t io n a l  d a ta  to  bear on th ese  problem s, and, 
a lth o u g h  many u n c e r ta in t ie s  rem ain , a more p re c is e  p ic tu re  has emerged.
G eneral D is t r ib u t io n  of Metamorphic M inerais
S t r i c t l y  speaking  a m inera l f a c ie s  c l a s s i f i c a t i o n  w ith in  th e  a re a  i s  
no t p o s s ib le , due to  th e  po lyphasa l n a tu re  o f  th e  metamorphism. For in s ta n c e , 
assem blages c h a r a c te r i s t i c  of r e g io n a l  metamorphism e x i s t  in  u n s ta b le  equ i­
l ib r iu m  w ith  those  c h a r a c te r i s t i c  of therm al metamorphism, w hile o f te n  
r e t r o g re s s iv e  metamorphism has added to  the  c o m p lic a tio n s .
The nap ( f i g .  47 )» showing the  d i s t r ib u t io n  of th e  p r in c ip a l  meta­
morphic m in e ra ls , i l l u s t r a t e s  th a t  a s  a  f i r s t  approx im ation  th e  " re g io n a l"  
m in e ra ls  found to  th e  southw est o f Braemar g ive way somewhere around Braemar 
i t s e l f  to  " c o n ta c t"  m in era ls  e a s t  and n o r th e a s t  of Braem ar. In  o th e r  words, 
a s  a  g e n e ra l is a t io n , a lm and ine-am phibo lite  f a c ie s  s c h is t s  a re  transform ed 
to  p y ro x en e -h o rn fe ls  f a c ie s  rocks tow ards th e  g ra n i te  masses o f Upper D eeside.
In  more d e t a i l  i t  i s  ev id en t t h a t  py roxene-ho rn fe ls  c o n d itio n s  e x is t  
v e ry  l o c a l ly  w ith in  the  " re g io n a l"  a re a  (p a r t  o f th e  c l a s s i c a l  H arrov ian  
a r e a ) ,  a s  th e  d i s t r ib u t io n  of c o r d i e r i t e ,  a n d a lu s i te ,  and r a r e  s i l l im a n i te
Plate 6 9 . Garnet porphyroblasts enclosing quartz cry sta ls  aligned  a t r ight 
angles to tiie external fa b r ic . KB 16; x 60,
Plate_JO. S-shaped fabric in  garnet porphyroblast. KB 167; x 60,
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in d ica tes. The map further shavs that th is  fact has often a connection with 
v is ib le  outcrops of granite (Newer Granite) and/or hornfelsing.
The Barrovian area also  exh ib its a poorly-defined mineralo g ica l zoning, 
which w il l  become more evident as changes are traced in the sc h is ts .
Of the minerals indicated on the map, only s illim a n ite  is  not readily  
re lia b le  as a r e f le c t io n  of the conditions of i t s  growth, since ( l )  i t  can 
occur as the h ip e s t  grade of both regional and thermal metamorphism, and 
often simply r e c r y s ta llise s  when the la tte r  is  superimposed upon the former; 
and (2 ) i t s  general occurrence here may, in  fa c t , be considered to  coincide 
with the highest zones of both types of metamorphism.
Petrography and Petrology of P o lit ic  Rocks
There are three convenient sub-areas: (a) the main Barrovian area, 
between Cam Damhaireach and Braemar; (b) the intermediate zone of Creag 
Choinnich and Cam nan S g lia t; and (c) the "contact" zone, mainly north 
of the Dee.
(a) Cam Damhaireach to Braemar
( i )  "Garnet" zone. A typ ica l specimen, KB 496 i s  a medium/coarse grey 
sch is t  with a lternation s of gra n u litic  and micaceous fo lia e . Suitable 
surfaces reveal numerous small garnets.
In th in  section  banding and sc h is to s ity  are seen to  be p a ra lle l, though 
in  the coarser, micaceous part a new s tr a in -s i  ip i s  developing. Here the 
mica (muscovite) mostly l i e s  p a ra lle l to the fo ld  limbs but is  cut by new 
growth p ara lle l to the embryonic s tr a in -s lip  cleavage. Some of the older 
mica has been influenced by e a r lie r  fo ld  d irection s which have not quite 
been destroyed. The h yp -id iob lastic  garnets contain small quartz in clusions. 
These, and un identifiab le dark ones, impart a d is t in c t  fabric to th eir  h osts, 
ly ing  oblique to the external fab ric  (p i. 69 ) occasionally  forming an
s-shape (p i. 70 ) .  Rarely the in ternal garnet fabric i s  seen to have been
Plate 7 1 . T^y'pical "Black Schist" in which f in e  in c lu sion s, overgrown by 
p lag io c la se , reveal evidence o f early fo ld in g . KB 127; % 35*
Plate 7 2 . Oval-shaped porphyroblast o f cord ierite  a fter  garnet, fragments 
of which are s t i l l  preserved. KB 127; % 80. (See a lso  p late 98 ) .
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folded. R elative to the growth of garnet, therefore, there has been an 
e a r lier  find a la ter  deformation. The rest of the coarse part of the rock 
i s  quartzo-felspath ic, but of coarser grain than the internal fabric of 
the garnets, as a resu lt of post-gam et r e c r y s ta llisa t io n . Small apatites  
and tourmalines complete the assemblage.
In the f in e r , more s ilic eo u s  part o f the rock, the garnets are much 
more sk e le ta l due to the abundance of quartz in clusions, but the evidence 
of deformation is  sim ilar to  that ju st described.
in  other specimens garnet i s  often more replaced by ch lo r ite , and 
inclusions tend to be le s s  revealing of the pre-gam et fabric , but the 
micas s t i l l  l i e  in curved paths round the garnet cry sta ls  confirming the 
existence of a la ter  deformation.
( i i )  "Kyanite" zone. KB 127 i s  representative of a black sch ist from 
th is  zone. In essence i t  has a complex microstructure overgrown by large 
plag ioclase fe lsp ars which are beginning to be replaced by cord ier ite . The 
hand specimen has a lea fy  appearance due to the presence of much mediun/ 
coarse b io t ite  ly ing  in the limbs of il l-d e f in e d  m icro-folds or p a ra lle l 
to a new sc h is to s ity .
Jt i s  seen in thin section  to be mesocratic rather than melanocratic 
due to the abundance of quartz forming a sort of groundmass to the reddish 
brown b io t it e .  Throughout th is  are areas of highly folded t r a i l s  of 
graphitic(?) inclusions w ith p a ra lle l prismatic tourmalines and specks of 
magnetite. Xenoblastic kyanite cry sta ls  up to  5 3im. long cut across and 
enclose these folded t r a i l s ,  some kyanites having already cleared themselves 
of foreign  n a ter ia l. This index mineral i s  thus p o s t- f ir s t  fo ld ing , but 
the occurrence of ragged, fragmentary, and even warped kyanites proves 
that deformation has been r e la t iv e ly  la te  a ls o . Some syn-kinematic crysta ls  
have been found lying p a ra lle l to the new sc h is to s ity .
Garnet presents a sim ilar s itu a tio n  though i t  is  le s s  abundant end
Plate 73» C ordierite ( l ig h t  grey) surrounding p lag ioclase (tw inned). Note 
the blunt fin gers o f cord ierite  penetrating the fe lsp ar , top l e f t .
KB 127; X 2 5 0 .
P late 7 4 . Small diamond-shaped section s o f andalusite overgrowing the 
opaque m aterial. KB I4O; x 5 5 .
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highly sk e le ta l. I t s  orig inal extent is  shovm by replacive b io t ite  and 
s e r ic it e ,  while dark [Inclusions are found concentrated only in  the centre of 
garnet c r y s ta ls , many of which are themselves set in  larger crysta ls  of 
p lagioclase and/or cord ierite(p i. 72).
The la te  predatory nature o f the large p lag ioclases (o ligoc la se) is  
proved by their  c lear , s tra ig h t, multiple p eric lin e  twins. In the absence 
of the la tte r  the felsp ar and the cord ier ite  may be impossible to d is t in ­
guish, but other ch a ra cter istics  help to separate the two. Higher b ire­
fringence, su sc e p tib ility  to  replacement, rare sec to r ia l or irregular twinning
and the presence of weakly pleochroic yellow ish  inclusions are a l l  indicative  
of co r d ie r ite . In contact w ith fe lsp ar  i t s  boundaries are irregu lar, the 
impression ^ in ed  being always that i t  i s  "replacing" the fe lsp ar , in  the
sense that i t  is  taking over the structural p osition  of the la tte r  (p i. 73 )•
D if f ic u lt  though cord ierite  is  to  id en tify  p o s it iv e ly , the w riter is  
sa t is f ie d  that cord ierite  is  present in  many other"Black Schist” specimens, 
as indicated on the m ineralogical nap,
M M
Another Black S ch ist, KB 140, helps to  complete the p icture. Micro­
scopic examination shows i t  to be broadly sim ilar to  the above, but with
garnet dominant over kyanite. The most in terestin g  d ifferences, though, 
are the presence of s ta u r o lite , the greater development of co rd ier ite , and 
the presence a lso  of very small id io b la stic  andalusites which cross-cut the 
graphitic p a rtic les  (p i. 74 ) .  Some of the la tte r  are enclosed in  the shape 
of the c h ia s to lite  cross . Ragged ea r lier  crysta ls  of andalusite have 
s lig h t ly  d ifferen t op tica l properties from the la ter  ones.
Folding in th is  s lid e  is  more regular, possibly la ter  than that in
KB 127, since the few remaining kyanites are smaller and c lear ly  "follow" 
the fo ld s . The s ta u r o lite  rods a lso  have th is tendency. Some of the cor­
d ie r ite  i s  strained, while gently bent twin lamellae prove that some of the 
p lagioclase has been s l i ^ t l y  deformed.
P la te  75. C lu s te rs  o f  sm all therm al g a rn e ts ,  KB 11$; x 80,
P la te  76 . Twiimed c l i n o z o i s i t e  (C) overgrown by e p id o te  (e ) . T h is i s  
p ro b ab ly  a  fragm ent o f  a much l a r g e r  c r y s t a l .  KB 78; x 1200.
Plate 77» Deformed megacryst o f muscovite enclosing  small prisms of ep i­
dote, a lso  deformed, KB 80; x 35* (Por close-up of area shovm,
see p late 7 8 .)
*
1
Plate 78. Close-up of area shown in  part o f p la te  77, to  i l lu s tr a te  the 
bending o f  epidote c r y s ta ls , x 2$0 .
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L astly, particu lar mention must be made of KB 115, as i t  shows a 
unique feature among the th in  sections examined -  the presence of numerous 
small thermal garnets, which, unlike the "regional" garnets, are almost 
id io b la stic  and c le a r ly  s ta b le . A lso, the crysta ls  are grouped in  clusters  
d istributed  along the banding in  the rock, and individuals show no signs of 
rotation  during growth (p i. 75 ) .  Not only is  the garnet of thermal origin
in  th is  case, i t  is  also of la ter  development than the "usual" garnet. Other 
minerals in tlie assemblage include reddish b io t ite  flakes of haphazard orien­
ta tio n . These l i e  w ithin large ragged andalusites and w ithin material much 
lik e  strained cord ierite  but which is  in fact orthoclase*.
Turning now to the more calcareous and often gran u litic  rocks, i t  has 
been found in the kyanite zone that minerals o f the epidote family have 
developed in  place of s ta u r o lite , kyanite and probably some garnet. Two 
generations have been observed, for instance in  KB 78, in  which twinned 
cry sta ls  of c lin o z o is ite  are overgrown by epidote (p i. 76 ) .  I t  can some­
times be proved that fo ld in g  took place a fte r  the formation of p a ra lle l lin es  
of ep idote. In KB 80 large p lates of sharply flexured muscovite enclose such 
lin e s  of ep idote, and when examined c lo se ly  the epidotes, too, can be seen to  
have suffered bending (p i. 7 7 , 78 )•
( i i i )  Contact-altered sc h is t  near gran ite . The typ ica l rocks just 
described under ( i )  and ( i i )  give way a t certa in  lo c a l it ie s  to tough grey 
hornfeIsic sc h is ts , which contrast with the dark lea fy  sc h is ts . The sa lien t  
points of d ifference are ty p ified  by KB 474, in which 2Qffo of the section  com­
p rises fin e  a lter a tio n  material of s e r ic i t ic  and pin i t i e  a f f in i t ie s ,  which 
encompasses most of the other minerals. Kyanites, small and sporadic, occur 
only in  th is  m aterial. Their s iz e  and imperfect shape point to th e ir  waning 
nature. S tau rolite  and garnet, when found, are a lso  fragmentary and unstable. 
On the other hand the micas show development under conditions of hornfelsing.
* I t  i s  in terestin g  to  note here that orthoclase i s  often intim ately in ter­
grown with cord ier ite  in  the hornfelses north of the Dee.
Plate 79» P a r tia lly  sk e le ta l porphyroblast o f andalusite enclosing b io t ite s  
[grey to very dark) and terminating sane but not a l l  cry sta ls  of  
b io t ite  at i t s  margins. KB 463; x 80.
P late 80. Remnant fragments of kyanite (cen tre, high r e l ie f )  enclosed in  a 
large porphyroblast o f co rd ier ite . The n eed le -lik e  crysta ls  (S) are 
of s ill im a n ite . KB 1$2; x 80.
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Most important, however, is  the presence of large p o st-sch isto s ity  anda­
lu s ite  porpliyroblasts. This mineral has mostly absorbed inclusions of 
b io t it e ,  and must have developed a fte r  the main regional metamorphism.
Taken in  conjunction with the fact that a number of neighbouring specimens 
show sim ilar la te  c r y s ta llisa t io n  features and a l l  l i e  near to small out­
crops of gran ite, tiie evidence supports the view that a la te  contact thermal 
metamorphism has been superimposed upon a regional one.
There i s  a lso  evidence to show that sch ists  hom felsed  by close proxi­
mity to granite have not been en tire ly  free from stress  during the thermal 
process. In KB 465 large andalusite porphyrobDasts, overgrowing folded  
t r a i l s  of b io t it e s ,  are themselves gently influenced in th e ir  grovrfch- 
d irection  by la ter  warps. Many b io t ite s  are abruptly terminated at the 
edges of the andalusite c r y s ta ls , but some continue as selvedges into these 
porphyroblasts, and many are completely enclosed (p i. 79 ) .  This i s  in ter­
preted as an il lu s tr a t io n  of the very fin e  balance between the disappearance 
of b io t ite  to produce andalusite and the continuing growth of the ex istin g  
b io t it e .
Other possible thermal e ffe c ts  can be seen in  KB 152, from under Braemar 
Bridge, which cannot be far from in s itu  gran ite. In th is  s c h is t , fin e  
granular and irregularly-shaped kyanites are enclosed in  s lig h t ly  strained  
cord ier ite  cry sta ls . From out of the kyanites there emerge needles with 
stra igh t ex tin ction  and other properties much lik e  s illim a n ite . In view of 
i t s  s itu a tio n  the s illim a n ite  is  regarded as of thermal and not regional 
orig in . See pi. 80 .
( iv )  Retrograde s c h is t .  As w ell as being c h lo r it ic , a considerable 
percentage of sc h is t  specimens in  th is  part of the area are partly  composed 
of p in it ic  and s e r ic i t ic  a lter a tio n  m aterial. On account of the general 
d istr ib u tion  of such sch ists  these features are believed to  resu lt from 
retrogressive metamorphism, rather than advanced weathering. Although nothing
Plate 81« Pseudomorphs a fte r  garnet deformed by extension in  the a x ia l  
planes o f m icrofolds. KB 224; x 55*
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remains of the orig inal minerals, they are believed , from the shapes pre­
served, to have been garnet and o ord ier ite . Retrogression can reach the 
stage where everything in the rock but quartz has been replaced by ch lorite  
(eg. KB 119)» yet the fabric of the rock i s  s t i l l  b ea u tifu lly  preserved 
as seen in th in  section .
(b j Cr£a_j2 and Carn_mn_Sgliajt
( i )  Schist from "intermediate" zone. The uninteresting aspect of most 
sch is ts  here has i t s  cause in the disappearance of most of the diagnostic  
regional metamorphic minerals before the appearance of thermal metamorphic 
ones. The h istory of events can be traced in  a study of th in  sections from 
specimens selected  at varying distances from the zone of granite intrusion  
on Cam nan S g lia t .
Farthest away, KB 224 s t i l l  contains pseudomorphs a fter  garnet por- 
phyroblasts. These are evenly d istributed  and made up of s e r ic ite  and 
b io t i t e .  Their shape shows them to have been gently deformed by extension  
in  the a x ia l planes of regular flex u re -lik e  microfolds (p i. 81 ) .  The 
orig in a l garnets caused d eflec tio n  of the sc h is to s ity  and are thus prê­
te  syn-kinematic. .
In KB 565» nearer the granite, "ghost" porphyroblasts are much fewer 
and of two types. The f i r s t  are concentrations of mica a fter  garnet. The 
second are a lso  c ircu lar  in outline but variable in s iz e ,  being composed 
of flesh-coloured  a ltera tio n  typ ica l of o o rd ier ite . These structures cross­
cut and overgrow the sc h is to s ity , and hence must be r e la t iv e ly  la te  in  
orig in . The presence o f andalusite in  th is  rock further convinces the 
author that these pseudomorphs are a fte r  c o r d ie r ite . Around and within  
them, and the larger an d alu sites, b io t ite  takes the form of rod -like  
cry sta ls , which, from th eir  common orientation  and fin e elongated p ro file  
are suggestive of new b io t ite .  This problem w il l  be dealt with la te r .
Lying even c lo ser  to  the in trusive zone, CB 109 presents evidence of
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fu r th e r  metamorphic developm ents. These can he w e ll ap p rec ia ted  in  hand 
specimen in  th e  p resence o f la rg e  ovoid spo ts  (new c o rd ie r i te )  up to  1.5 
cm. long , and " f a t t e n e d "  in  th e  plane of the  s c h is to s i ty .  In  th in  sec tio n  
the  sp o ts  can he seen to  he d e fin ed  by an o u te r zone in  which b io t i t e  has 
been p a r t i a l l y  or com pletely  abso rbed . The next zone i s ,  in  c o n tra s t ,  
r ic h e r  in  b i o t i t e  and muscovite th an  even th e  n a in  p a r t  of th e  s e c tio n .
The b i o t i t e  is  a ls o  of red d er co lo u r and c o a rse r . In  th e  innerm ost zone 
a n d a lu s ite  porphyrob l a s t s  c ro s s -c u t the now sp a rse r  b i o t i t e s ,  bu t a re  them­
se lv e s  h ig h ly  su tu red  by th e  f in e -g ra in e d  c o rd ie r i te  and a sso c ia te d  q u a rtz . 
These two m inerals occur throughout th e  "spots'* . The alignm ent o f  the  micas 
w ith in  i s  as fo r  th e  r e s t  of th e  s e c tio n , bu t th a t  o f  th e  a n d a lu s ite  c i^ s ta l s  
i s  seem ingly haphazard.
The problem here  (as  w il l  be found in  s c h is ts  from n o rth  o f th e  Dee) 
i s  the  apparen t ab so rp tio n  o f th e  micas -  p a r t ic u la r ly  b i o t i t e  -  by the  
growing c o r d ie r i te  sp o ts  in  such a  way th a t  th e  outerm ost zones of the  spo ts 
a re  always devoid of mica y e t the in n e r ones a re  n o t. I f  the  sp o ts  grow 
c o n s ta n tly  (outw ards) then  the mica must be p e r ip h e ra lly  d isso lv ed  and then  
l a t e r  reg en e ra ted . The f a c t  th a t  the c e n tr a l  micas a re  c o a rse s t cannot 
reasonab ly  be exp lained  o th erw ise . V/here, however, the  c o a rse r  mica i s  not 
p re se n t in  c e r ta in  o th e r c o rd ie r i te -b e a r in g  ro ck s , i t  could be argued th a t  
zones w ith  b i o t i t e  r e s u l t  from f a s t  growth of th e  c o r d ie r i te  po rp h y ro b las ts , 
w hile zones b e re f t  of b i o t i t e  in d ic a te  th a t  c o r d ie r i te  has had time to  d ig e s t 
the  m ica.
A nother d iffe re n c e  between th i s  s l id e  (CB 109) &ad the  p rev io u s ly - 
d esc rib ed  one (kb 565) i s  th e  g re a t abundance of sm all id io b la s t ic  tourma­
l in e s  which have developed r ig id ly  p a r a l le l  to  the s c h is to s i ty  and which, 
to o , a re  sp a rse r  in  c e r ta in  zones of c o rd ie r i te  s p o ts .
( i i )  C ontact h o m fe ls .  CB 120, in  co n tac t w ith  m arginal p a r ts  o f th e  
Lochnagar g ra n ite ,  i s  a  d i s t i n c t ,  p a r t i a l l y  g r a n i t ised  h o rn fe ls , c o n s is tin g
%Plate 82. Later s illim a n ite  needles in tim ately  associated  w ith granules 
of andalusite, a l l  se t in  co rd ier ite . KB 179; x 80.
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of irregular a lternation s of quartz-rich areas, gran itic  areas and areas 
of a lu m in o-silica te  m inerals. In the last-mentioned parts, the h ighest- 
grade thermal metamorphic e ffe c ts  of th is  lo c a lity  can he found.
The d istr ib u tio n  of the d ifferen t areas mentioned indicates the presence 
of tig h t iso c lin a l fo ld s , v/ithin the p e l i t ic  parts most of the material is  
of highly granulated andalusite rods, c lo se ly  "following" the folded sch is­
to s ity ,  and often broken down into myriads of tin y  granules. Gradations 
in  s ize  and shape indicate that andalusite porphyroblasts have been folded  
and crushed to  e f fe c t  both a sch istose and a sugary appearance at the same 
time. A small proportion of s illim a n ite  needles is  intim ately associated  
with th is  mass, the two minerals being a t f i r s t  sigh t id en tic a l. In con­
tra st to the andalusite, however, the s illim a n ite  needles prove to be of 
perfect prismatic shape and to diverge in th eir  orientation  from their iso ­
morphe . At certain  points in the section  s illim a n ite  has grown from anda­
lu s i t e .  G ross-cutting re la tion s can a lso  be seen, with s illim a n ite  invariably  
the la ter  mineral. The above evidence i s  believed to resu lt  from the s i l l i ­
manite developing from the already deformed andalusite, but being controlled  
to some extent in i t s  orientation  by that of the andalusite rods and granules.
H ornfelsic b io t ite  in  th is  environment is  now in  the process of being 
digested , and is  s ig n if ic a n tly  sparser than in the quartz-rich parts of the 
section . This is  almost cer ta in ly  due to  the presence o f cord ierite  which 
encloses a l l  other minerals in the a lu m in o-silicate  zones. The cordierite  
l i e s  in  poorly-defined str ip s  of d ifferen t optical orientation  which have 
beyond doubt been folded. A few such fo ld s are wrapped round circu lar areas 
devoid of andalusite and s illim a n ite . Instead, randomly-orientated micas 
are abundant, and enclosed by co rd ier ite . Rarely xenoblastic garnet may be 
present in  the centre, having been reduced by replacement to one f i f t h  the 
diameter of i t s  original crysta l s iz e .
CB 120 thus summarises the ætamorphic h istory  of the sch ists  around
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Braeraar, ga rn e t re p re se n tin g  th e  i n i t i a l  reg io n a l phase, c o rd ie r i te  and 
a n d a lu s ite  the therm al phase follow ed by fu r th e r  deform ation , and s i l l i ­
m anite the la rg e ly  post-k inem atic  therm al phase of g re a te r  in te n s i ty .  I t  
has been observed th a t  in  such rocks as t h i s ,  tourm aline has now com pletely 
d isap p eared , F u rth er evidence o f th is  m ineral and o f th e  development o f 
a n d a lu s ite  must be s o u ^ t  on Greag Ghoinnich,
( i i i )  Greag G hoinnich. S c h is ts  from th i s  zone a re  s t r u c tu r a l ly  and 
m etam orphically behind th o se  on Garn nan S g l ia t .  A n o tic e ab le  la ck  of 
h o rn fe ls in g  is  ev iden t even in  hand specimen. S ec tions of v a rio u s  specimens 
re v e a l some o f  th e  a n d a lu s ite  p re sen t to  be h ig h ly  su tu red  and s tra in e d , 
y e t o th e r c ry s ta ls  o f i t  may have e x c e lle n t c r y s ta l  o u t l in e s .  Some o f the 
l a t t e r  c la s s  have a c e n tr a l  zone which, viewed between c ro ssed  n ic o ls ,  has 
an anomalous b lue co lo u r. This im plies two periods o f growth, whereas the  
o th e r ty p e  of c r y s ta l  im plies th a t  a l l  of i t  formed before  th e  development 
of the s c h is to s i ty .  A review  of many s c h is t  specimens has led  th e  au thor 
to  conclude th a t  a n d a lu s ite  is  m ostly l a t e r  th an  the  main s c h is to s i ty  on 
Greag Ghoinnich bu t th a t  s l i ^ t  l a te  deform ation has been f e l t .  P ossib le  
v a r ia t io n  in  th e  age of the  dominant deform ation  p ro h ib its  d e f in i te  con­
c lu s io n s  from being  drawn. Some of th e  a n d a lu s ite  may be as l a te  as p o s t-  
s in ce  in  GB 69 the  c r y s ta ls  overgTow new b io t i t e s  ly in g  p a r a l le l  to  the  
a x ia l  p lanes of re g u la r  fo ld s  w ith  a  Galedonoid tre n d , which can h a rd ly  be 
prim ary .
(c ) N orth of th e  Dee
T ypical h o rn fe ls e s . In  th is  p a r t  of th e  a rea  the p e l i t i c  members of 
the  B la i r  A th o ll S c h is t and the Ben Eagach S ch is t a re  v i r t u a l ly  id e n t ic a l .
GB 150 i s  re p re se n ta tiv e  of both  and can be seen in  th is  se c tio n  to  be meso- 
c r a t ic  and to  c o n s is t  e s s e n t ia l ly  of "h o rn fe ls ic "  b i o t i t e ,  qu artz  and c o rd i­
e r i t e .  A ndalusite  in  GB I 50 i s  e c lip se d  by the  c o rd ie r i te  which encloses 
i t .  There a re  a lso  o ccasional po rphy rob lasts  of p la g io c la se . Although i t
Plate 83. Strained cord ier ite  exh ib itin g  ty p ica l mottled e f f e c t .
CB 174; x -n icolp; x GO,
Plate 84. Smaller individuals of cord ier ite  w ith good sector twinning
(arrowed), associated  with larger c r y s ta l(s )  showing more complex 
twinning. CB 150; x -n ico ls;  x 80.
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has undoubtedly been hornfelsed, the rock is  weakly fo lia ted  and has a 
moderate sc h is to s ity .
The fo lia t io n  resu lts  from an imperfect segregation of b io t ite  from 
the other two dominant minerals, and is  para lle l to the main d irection  of 
b io t ite  alignment. To some extent quartz crysta ls  are elongated with the 
sc h is to s ity  but are not unduly stra in ed . They are accompanied by small 
amounts of o lig o c la se , which may p o ik ilo b la stic a lly  enclose the smaller 
quartzes.
Locally up to 20^ of the section  examined is  of co rd ier ite . I t  is  
frequently elongated in s tr ip  fashion p ara lle l to the planar elements, and 
i s  ty p ic a lly  mottled or strained-looking (p i. 8 5 ) .  Sometimes crysta ls  
exh ib it a w ell-defined  but complicated twinning -  a "multiple" form of 
sector-tw inning (p i. 84 ) -  which is  suggestive of r e c r y s ta llisa t io n .
Smaller, more c ircu lar  individuals are w ell-defined  in  shape, with normal 
sector twinning, and hence resemble the cord ierites from the hornfelses in  
the Buchan area proper. I t  has a lso  been observed that these smaller crysta ls  
have a s l ig h t ly  lower birefringence than the strained ones, which again 
points to rec r y s ta llisa tio n  unless they are of an en tire ly  new generation.
B io t ite  in  CB 150 i s  of reddish brown aspect, grades in size  down to 
minute rods and p a r tic le s , and has various modes of occurrence. The small 
s ize  of the b io t ite s  enclosed by cord ierite  points to p artia l d igestion , 
but th e ir  good crysta l form and variable alignment poses problems. For 
instance, a ty p ica l oval cord ierite  porphyroblast contains two zones of 
b io t i t e s .  The marginal ones are rod-like and follow  curved paths round the 
central area, as i f  rotated by the growing co rd ier ite . In the centre, 
s l ig h t ly  larger and seemingly unorientated b io t ite s  are anhedral, while 
the tin y  rods here l i e  p ara lle l to the main sc h is to s ity  or a t 90° to i t .
In some porphyroblasts the b io t ite s  continue p ara lle l and undeflected to 
the edges. The b io t ite  outside the co rd ier ite , forming the main sch isto sity .
1,
Plate 83» An ovoid porphyroblast of co r d ie r ite , ly ing  roughly w ithin the 
lim its  indicated, and containing zones o f  b io t ite s  o f d ifferen t  
shape, s iz e  and degree of orien ta tion , CB 150; x 80,
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46, Small b i o t i t e s  in  c o r d ie r i t e  ( i )  d e f in in g  a  s t ru c tu re  s im ila r  
to  t h a t  elsew here in  the  f a b r ic  ( i i )  where two s c h i s to s i t i e s  
a re  p re sen t ( i i i ) .  CB I 5O; x 25 .
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has evolved by s t r a i n - s l i p  of a  previous s c h is to s i ty  a t  90°, Thus the  tin y  
b io t i t e s  th a t  c ro ss  th e  new d ir e c t io n  must su re ly  be r e l i c s  o f th i s  previous 
alignm ent ; bu t wliy do they  form ap p aren tly  euhedral rods?
The o th e r problem is  whether th e  c e n tr a l  b i o t i t e  f la k e s  re p re se n t a 
p r e - s c h is to s i ty  f a b r ic ,  or w hether they  a re  th e  l a t e s t  to  form, under con­
d it io n s  of n o - s t r e s s .  Some of the  la rg e r  ta b u la r  f la k e s  have a l l  the  a t t r i ­
b u te s  of la te  therm al growth, bu t i t  i s  p o ssib le  to  d is c e rn  in  some c o rd ie r i te s  
f la k e s  o f b i o t i t e  w ith  a  h in t  of a s tru c tu re  which equates them w ith  the 
e a r l i e r  s c h is to s i ty  ( f i g .  48 )•
l-fhatever conclu sio n s  a re  drawn the  s t r u c tu r a l  and metamorphic complexi­
t i e s  of th e  rock  a re  e v id e n t. C o rd ie r i te , fo r  in s ta n c e , not only appeared 
a t  a  r e l a t iv e ly  e a r ly  s tag e  o f h o rn fe ls in g , bu t continued  i t s  growth through­
out a t  l e a s t  one phase of deform ation , perhaps s u f fe r in g  r e c r y s t a l l i s a t io n  
a ls o .  I n i t i a l l y  c o r d ie r i te  must have developed p a r t ly  a t  th e  expense of 
b i o t i t e ,  bu t re g e n e ra tio n  of b i o t i t e  may have played i t s  p a r t  a ls o .
Regarding a g e - re la t io n s  i t  i s  in te r e s t in g  to  no te  th a t  th e  la rg e r  p la g io -  
c la se s  p reserv e  the  same s tru c tu re s  in  t r a i l s  of g ra p h it ic  p a r t ic le s  as  have 
been found in  the b i o t i t e s .  By analogy w ith  th e  p la g io c la se -b ea rin g  s c h is ts  
to  th e  southw est o f Braemar, where fo lded  t r a i l s  of g ra p h it ic  p a r t ic le s  a re  
common, the  deform ation  re sp o n s ib le  fo r  th e  new s c h is to s i ty  may be or 
even l a t e r ;  i . e .  the  main s c h is to s i ty  in  CB 150 i s  ° r  l a t e r .
I t  i s  w orth n o tin g  here  th e  r e la t io n s h ip  o f th e  m ic ro s tru c tu re  o f  GB 150 
to  th a t  v is ib le  in  the rock  in  the  f i e l d .  The l a t t e r  has a lre ad y  been r e ­
fe r re d  to  on page 29* The s c h is to s i ty  -  more of a  m ic ro -fo lia tio n  -  has 
been d esc rib ed  a s  having passed through the  s t r a i n - s l i p  stage  s t i l l  dominant 
in  nearby exposures (see  f i g .  21 ) .  I t s  i r r e g u la r  n a tu re , however, i s  n o t 
a  legacy  from e a r l i e r  fo ld s  -  these  have been destroyed  and have l e f t  on ly  
th e  lim bs described  in  the  th in  s e c tio n  -  b u t r e f l e c t s  a  l e n t ic u la r  s t ru c ­
tu r e .  This i s  seen in  s e c tio n  to  be caused by th e  (p o ss ib le  r o ta t io n  and)
&
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P la te  86 . T\fo s c h i s t o s i t i e s ,  each p a r a l l e l  to  a m ic r o - f o l ia t io n .  In  t h i s  
view one i s  a p p a re n tly  dom inant. C o rd ie r i te  occurs in  th e  m ica- 
r i c h  f o l i a e .  CB 178; x 55*
P la te  87 . Two s c h i s t o s i t i e s  in  hand specim en o f  CB 178. 
o f a  t i ^ t  recum bent fo ld  in  th e  c e n tr e .
Note su g g e s tio n
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f l a t t e n in g  of c o r d i e r i t e  c r y s ta ls  d u r in g  growth and envelopment o f in c lu ­
s io n s , b u t w ith o u t d e f le c t io n  of th e  su rro u n d in g  m icas.
I r r e g u l a r i t i e s  in  th e  s c h is to s i ty  can th u s  a r i s e  by genuine m icro- 
f o ld in g  (as  in  CB 120, p . 62) or by r o ta t io n  of c o r d i e r i t e  to  d e f le c t  the  
s c h i s to s i t y  or by th e  developm ent o f ovoid c o r d ie r i te s  which a s s im ila te  the 
micas and th e reb y  in te r r u p t  the  s c h i s to s i t y .
Of l e s s - ty p ic a l  h o rn fe ls e s , some have a f o l i a t i o n  and no s c h is to s i ty  
o r v ic e  v e rs a , w h ile  more r a r e ly  two s c h i s t o s i t i e s  may be p re s e n t .  I t  must 
be s tr e s s e d  th a t  in  most cases the  rocks in  q u e s tio n  would be c a l le d  s c h is ts  
bu t f o r  th e  p resence of " therm al" m in e ra ls . S tru c tu re le s s  h o rn fe lse s  in  
t h i s  a re a  a re  v i r t u a l l y  unknown.
Where two s c h i s t o s i t i e s  a re  p re s e n t th ey  tend  to  in te r s e c t  a t  20°; and 
when th ey  cannot be g e n e t ic a l ly  r e l a te d  even a f t e r  m icroscopic s tudy  they  
a re  co n sid e red  to  have a r i s e n  contem poraneously . In  GB 178 th e re  i s  a m icro­
f o l i a t i o n  p a r a l l e l  to  bo th  s c h i s t o s i t i e s .  I t  i s  d e fin e d  by v e ry  th in  bands 
r ic h e r  th an  normal in  b i o t i t e .  Here c o r d i e r i t e  i s  c o n tro l le d  in  i t s  growth 
by bo th  d ire c t io n s  o f a lignm en t ( p i .  86 ) ,  thus s tre n g th e n in g  th e  view th a t  
the  two a re  contem poraneous. The hand specim en of CB 178 (see  p i .  87 ) 
does, in  f a c t ,  g ive  th e  im pression  of c o n ta in in g  v e ry  t i g h t l y  compressed 
fo ld s  which have a f f e c te d  th e  s c h is to s i ty  and p o ss ib ly  produced p a r a s i t i c  
acco rd io n  fo ld s  to  th e  limbs of which th e  micas and c o r d ie r i te  a re  now 
p a r a l l e l .
Even in  the non-typical hornfelses there is  evidence to show that 
cord ier ite  is  not a purely "thermal" mineral. In CB 174 some of the cor­
d ie r ite  porphyroblasts con sist of a central area of smaller unaligned bio­
t i t e s  contrasting with those w ell-orien tated  elsewhere. This implies that 
b io t ite  rec ry sta llised  during the growth of co rd ier ite , which was partly  under 
conditions of stress  and partly not. A further development is  suggested in  
the lo c a l presence of small rounded cord ierite  cry sta ls , seme in  c lu sters ,
P la te  88 . C lu s te rs  of sm a ll rounded c o r d i e r i t e  c r y s t a l s .  Tw in-planes 
when p re s e n t  a re  d i s t i n c t .  A lso th e  b ire f r in g e n c e  i s  s l i g h t l y  
l e s s  th an  t h a t  o f  th e  l a r g e r  s t r a in e d  c o r d i e r i t e s  (see  p . 64 ) .
CB 174; x -n ico ls;  x 80.
Plate 89. Porphyroblast of cord ier ite  enclosing micas aligned at 90 
to the external s c h is to s ity . CB I4 6 ; x 55»
P la te  90» C o rd ie r i te  e n c lo s in g  fo ld e d  t r a i l s  o f  m agnetite  p a r t i c l e s  e t c . ,  
as in d ic a te d  by th e  broken l i n e .  CB 168; x 80.
Plate 9 1 . Porphyroblast of cord ier ite  which has caused "bowing-out" of 
the s c h is to s ity , presumably due to rota tion . CB 159» % 35*
Plate 9 2 . Porphyroblast of cord ierite  exh ib itin g  a s l ig h t ly  S-shaped 
fabric  (see broken lin e )  suggestive o f rotation  during growth.
CB 185; X 5 5 .
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w ith  d i s t i n c t  tw in -p la n es , a s  i f  r e c r y s t a l l i s a t i o n  had o c c u rre d (p i. 88) .
In  the  more le u c o c ra t ic ,  le s s  micaceous h o rn fe lse s  one can s t i l l  p e r­
ce iv e  evidence o f dynamic e f f e c ts  o p e ra tiv e  d u rin g  r i s e  in  tem p era tu re . 
Sometimes th e re  were two dynamic phases , as d e sc r ib e d  b e fo re . For in s ta n c e , 
in  s e c t io n s  o f GB 184 the  micas a re  seen to  be obv iously  in flu en ced  by two 
d i r e c t io n s  of a lig n m e n t. This i s  tru e  a ls o  o f a n d a lu s i te  which i s  d i s t r ib u ­
te d  in  two s e ts  of th in  l in e s  a lm ost a t  r ig h t  a n g le s  and which c o n s is ts  o f 
h ig h ly  su tu re d  and embayed c r y s ta ls  enclosed  by c o r d ie r i t e  and q u a r tz . The 
a n d a lu s i te s  them selves e n c lo se  b i o t i t e s  which a re  s im i la r ly  o r ie n ta te d .
The c o r d i e r i t e ,  in terg row n w ith  o r th o c la s e , ex tends m ainly in  one d ire c t io n  
o f s c h is to s i t y  and may a ls o  e n c lo se  fo ld e d  t r a i l s  o f m agnetite  p a r t i c l e s .  
T h is , and the p resence  o f r e l i c t  ep id o te  g r a in s ,  a re  f e a tu re s  l e f t  over 
from th e  "b lack  s c h is t "  s ta g e . They c o n tr a s t  s tro n g ly  w ith  need les  o f new 
s i l l im a n i t e  which a re  growing out of th e  a n d a lu s i te  and which must re p re se n t 
a l a t e  h igh  le v e l  of th erm al metamorphism. T his acco rds w e ll w ith  f e a tu re s  
of g r a n i t i s a t i o n  in  th e  s c h is t  in c lu d in g  enrichm ent in  m ic ro c lin e  and a c id  
p la g io c la s e .
In  a n e ighbou ring  l o c a l i t y  to  t h a t  of CB 184 s c h i s t  specimens a re  d i s ­
t i n c t l y  s p o tte d , due to  p o rp h y ro b la s ts  of c o r d i e r i t e  which have been ro ta te d  
d u rin g  growth and which c o n ta in  remnant a n d a lu s i te  p o rp h y ro b la s ts , p a r t i a l l y  
con v erted  t o  s i l l im a n i t e .  Here, a s  in  the  r e s t  of t h i s  zone, s i l l im a n i te  
i s  one o f the  l a t e s t  m inerals  to  form .
t
N ature o f Changes in  M etamorphic E f fe c ts
In  th e  s c h is ts  j u s t  d esc rib ed  the w eakest metamorphic e f f e c ts  a re  
p re se n t in  the  extrem e southw est of th e  a re a ,  th e  s tro n g e s t  in  the  n o r th ­
e a s t .  The form er a r e  a ls o  a s s o c ia te d  w ith  th e  e a r l i e s t  s t r u c tu r a l  changes 
th a t  a re  p re se rv ed , th e  l a t t e r  w ith  th e  l a t e s t .
N eg lec tin g  lo c a l  v a r ia t io n s ,  the s c h is t s  to  th e  southw est o f Braemar 
c le a r ly  r e p re s e n t  the  end-p roducts  of th e  w idespread re g io n a l metamorphism
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in  the  S c o ttish  H ighlands. Very rough l im its  to metamorphic isograds may 
be reco g n ised , v i r t u a l ly  co in c id in g  w ith  those  defined  by Barrow him self 
in  the lower zones. A sep a ra te  s ta u r o l i t e  zone has not been e s ta b lish e d , 
b u t the  g a m e t/k y a n ite  iso^^ad , o ccu rrin g  n e a r th e  southw est border of 
th e  m in era lo g ica l map ( f i g .  47 ) > runs eastw ards towards the  southern  
margin of the  Lochnagar G ran ite .
The f i r s t  appearance o f s i l l im a n i te ,  e a s t  o f the  C lun ie , although in  
the  p o s it io n  one might expect, i s  not r e la te d  to  the  s i l l im a n i te  isograd  
around Braemar. In s te ad  i t  has been found to  be connected p rim arily  w ith  
the  presence of th e  Lochnagar G ran ite , bu t a lso  w ith  o th e r g ra n ite  masses 
bo th  exposed and unexposed. The a re a  mapped thus must re p re se n t p a r t  of 
a  zone of c o r d ie r i te  and a n d a lu s ite  cen tred  round the  Lochnagar G ran ite , 
w ith  th e  development o f s i l l im a n i te  a t  lo c a l c o n ta c ts . This concept i s  
a t  v a rian ce  w ith  th a t  envisaged by Barrow and o th e rs .
The n a tu re  o f th e  changes in  th e  v a rio u s  zones w i l l  now be d iscussed  
in  more d e t a i l  and in te g ra te d  wixn th e  s t r u c tu r a l  h is to ry  of the  a re a .
(a) Cam Damhaireach to  Braemar
In  th i s  p a r t  o f th e  a re a  th e  e a r l i e s t  s t ru c tu re s  have been s tu d ied  in  
exposures a t  C lunie Lodge (eg . KB 524)• Small compressed m icro-fo lds 
a f f e c t in g  the  micas and dark  in c lu s io n s  can be c o r re la te d  w ith  a  s t r a in -  
s l i p  s c h is to s i ty  found in  the same sch is t-g ro u p  a t  th e  S p i t t a l  of Glenshee. 
This and i t s  a s so c ia te d  la rg e r - s c a le  fo ld in g  a re  secondary and p re -d a te  
the main phase of re g io n a l mstamorphism.
Furtherm ore the  fo ld s  in  KB 524 a re  them selves deformed by la rg e r ,  
more open m icro -fo ld s  which a re  ty p ic a l  o f many "b lack  s c h is ts "  from around 
h e re . From co n sid e ra tio n s  o f s ty l e ,  a x ia l  d ir e c t io n  and r e la t io n  to  th e  
compressed f o ld s ,  i t  would appear t h a t  the  l a t e r  a re  L a te r Galedonoid in  
age (Fj^g)' This i s  in  keeping w ith  th e  accepted  co n ten tio n  th a t  g a rne t 
and k y an ite  a re  e s s e n t ia l ly  "post-Fg" (Fg%) in  th e  C en tra l H ighlands.
Plate 93. Sheared out fragments o f  garnet gently  flexured by fo ld s  
believed  to be of the period. KB 75; x 80.
Plate 94. Id io b la stic  s ta u r o lite  containing the remains o f a garnet 
cry sta l (arrowed), KB 151; x 80,
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( i )  Garnet zone. Garnet has not been observed in i t s  development 
stages. A ll the evidence, including the small s ize  of individual cry sta ls , 
points to th is  mineral being unstable. The fabric of the quartz inclusions 
proves that the garnet grew a fter  one phase of deformation had occurred, 
yet rotational fabrics indicate the garnet to be syn -tecton ic. I t  can 
best be f it te d  into the tecton ic  h istory  i f  considered to have grown during 
and a fte r  deformation, which in the main pre-dates that of P^^.
Most o f the quartz present has undergone r e c r y s ta llisa tio n  during 
the same period while b io t ite  and muscovite have been folded and regrov/n to 
form a new sc h is to s ity  Thereafter these minerals were rotated by the
garnet porphyroblasts or enclosed by them during the subsequent defor­
mation.
( i i )  Kyanite zcne. This l i e s  nearer Braemar and represents a higher 
regional metamorphic grade in  which garnet becomes increasingly unstable. 
Although id io b la stic  s ta u ro lite  has been found i t  i s  mostly ragged in  
outline and looks to have been rotated into lin e  w ith the evolving sch is­
t o s ity .  The fo ld ing  responsib le is  thus post- main metamorphism. Most 
of the kyanite, too, is  seen a fte r  th is  fo ld ing, has had i t s  e f fe c ts , and 
i t  i s  thus d if f ic u lt  to find evidence o f  the r ise  of kyanite. Five 
specimens do, however, reveal sn a il kyanites so in tim ately "bound up" 
with garnet as to  appear to be replacing i t .  Some of the kyanite may 
develop from the opaque inclusions and small micas w ithin the garnet.
The m ineralogical and structural changes involved in  th is  zone have 
not a l l  been continuous, for while kyanite continued to form a fter  garnet 
growth ceased, there must have been a s ta t ic  phase of growth between the 
two phases of deformation. This can be proved in  KB 259 where neighbouring 
porphyroblasts together preserve the original folded fab ric . The open sty le  
and ax ia l d irection  of the la ter  fo ld s  (p i. 95 ) support an F^  ^ interpre­
ta tio n , and can be correlated with ^  tlie f i e ld .  The preserved fabric
-  -
Plate 93» Two adjacent porpliyroblasts o f  kyanite together preserving a 
folded fabric (broken l in e ) .  KB 239; x 35.
Plate 96. Deformation of a large porphyroblast o f kyanite, shown by zones 
with d iffere n t ex tin ctio n  p o sitio n . KB 482; x -n ic o ls ; x 35.
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can thus be regarded as By and large kyanite and garnet must have
arisen  between and must have cleared themselves of opaque
inclusions before the c lo se  of the F^  ^ period of movement.
During th is  period i t  is  possible that there was further growth of 
kyanite. This consideration a r ises  from the recognition in  some sch ists  
of elongated porphyroblasts, usually  small and ly ing  in the sc h is to s ity .
They appear unaffected by deformation, yet must have developed during the 
operation of a s t r e s s - f ie ld .
Some of the changes in  the kyanite zone can be attributed  to the F^  ^
phase o f fo ld in g  that occurred a fter  the main growth of kyanite. As well 
as the recognisable F^  ^ Tolds a ffec tin g  kyanite one can find in some sch is t-  
sections already granulated fragments of that mineral rotated round pseudo- 
morphs a fte r  garnet. Quite apart from considerations of cry sta l form e tc , 
i t  is  un likely  that th is  is  new kyanite growth since the garnet has already 
completely gone. The fragmentation of kyanite c lea r ly  commenced with i t s  
microfolding (p i. 96 ) and s p lit t in g  along cracks and cleavages.
The partly deformed p lagioclase porphyroblasts, which may engulf 
kyanite, are a lso  w itness to post-kyanite deformation. This may be la te  F^  ^
or the beginnings of a completely la ter  phase, though correlation  with hand 
specimen and f ie ld  evidence indicates la te  F^  ^ deformation (c f .  la te  Cale- 
donoid fo ld s and lin e a tio n s, S.W. Garn nan S g lia t, p .2 0 ) .  See plate 97*
The general examination of sch is ts  in  the kyanite zone indicates that 
f i r s t  garnet and then kyanite gradually diminish in s ize  towards Braemar, 
w hile p lag ioc lase tends to increase. The growth of fe lsp ar, however, is  
lo ca l and probably rela ted  to  proximity of granite in trusions, particu larly  
around Corriemulzie. Towards Braemar i t s e l f  the ultim ate decline of p lagio­
c lase  corresponds with the general onset of thermal metamorphism which is  
responsible for the replacement of fe lsp ar by cord ierite  before the 
appearance o f s ill im a n ite .
MPlate 97» i l lu s tr a t in g  the deformation o f fe lsp ar (cloudy) hy fo lds  
believed  to  be of the period. KB 7IB; x 35»
Plate 98. Porphyroblast of co rd ier ite  (white) with t in y  inclusions and a 
remnant o f garnet (dark patch, cen tre ). The "bowing-out" of the 
s c h is to s ity  round the co rd ier ite  was accomplished prior to the 
growth of c o r d ie r ite . KB 127; x 80.
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( i i i )  The development of oord ierite and andalusite. A fter the 
deformation the area from Cam Damhaireach must have been subjected to 
lo c a l increase in  temperature. This alone can explain the development of 
spots o f cord ier ite  often within pseudomorphs a fter  garnet. This event 
may have been rapid, for even in  i t s  apparently in i t ia l  stages the cordierite  
may be w e ll formed though seldom abundant, and i t  appears to have quickly 
begun to replace the ea r lier  p lag ioc lase . I t  is  a t th is  stage taking the 
structural place o f the fe lsp a r , enclosing the many t r a i l s  of opaque inclu ­
sions o r ig in a lly  incorporated in  the fe lsp a r :o f . pi, 9 0 .
Andalusite seems to be even more abrupt in  i t s  appearance, having 
rarely  been observed as incip ien t crysta ls  (p. 5 7 ) .  The evidence of d ifferen t 
generations of andalusites is  taken to ind icate that lo c a l intrusion of 
granite occurred over a period of tim e. Early deformed, or commonly aligned,
cry sta ls  prove that the tecton ic  episode continued a fter  the emplacement of
granite (as has already been demonstrated from petrofabric considerations).
(b) Greag Ghoinnich, Garn nan S g lia t , and North of the Dee
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( i )  Gordierite/A ndalusite Zone. Tliis zone represents the stage at 
which increased thermal metamorphic e ffe c ts  give r ise  to the widespread 
development of new minerals, and to  the appearance of a metamorphic segre­
gation fo lia t io n  in the s c h is ts .
Gordi er i t  e , in  i t s  in i t i a l  stages of development, can be observed in
such rocks even where the pseudomorphs a fter  garnet have a l l  but disappeared. 
The evidence a lso  shows that garnet had suffered a prior rotation  by folds  
almost certa in ly  of F^  ^ age before the appearance o f  cord ierite  (pi. 98 ) •
This part of the area a lso  records the transformation of b io t ite  from 
that typ ica l of s c h is ts  to  the foxy red b io t ite  o f hornfels conditions, con­
firming that the r is e  in  temperature responsible was not ju st a lo ca l one.
A study of mica development has shown i t  to be a complex one and to have 
been influenced by tecton ic  forces during or a fte r  hornfelsing. I t  i s  
evident that much of the new mica was formed w ithin areas or potentia l areas
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o f c o r d ie r i t e  growth befo re  or during  th e  deform ation of th e se  porphyrob lasts, 
The corresponding  tran sfo rm a tio n s  in  the  q u a r tz o -fe ls p a th ic  domains 
of th e  h o rn fe lse s  do not appear to  have been s ig n i f ic a n t  a t  th is  s tag e , 
bu t d u rin g  th e  subsequent de fo rm atio n (s) po tash  fe ls p a r  in  p a r t ic u la r  
in flu en ced  the  s tru c tu re  of th e  r e c r y s t a l l i s in g  c o r d ie r i te .
On Cam  nan S g l ia t  a n d a lu s ite  has been found in  c lo se  a sso c ia tio n  w ith  
c o r d ie r i t e ,  though i t s  i n i t i a l  growth s tag es  have not been p reserved  a t  a l l .  
Again, however, th e  c o n f l ic t in g  evidence o f the  age o f a n d a lu s ite  r e la t iv e  
to  lo c a l  s c h i s to s i ty  (which i t s e l f  may be v a r ia b le )  and the evidence o f i t s  
su tu red  margins a g a in s t c o r d ie r i te  p o in t to  i t s  development p r io r  to  co r­
d i e r i t e ,  b u t w ith  l a t e r  or co n tin u in g  growth of c r y s ta l s  b road ly  sim ul­
taneous w ith  the  e v o lu tio n  of a new s c h is to s i ty ,  b e liev ed  to  be
That th e  s c M s ts  on Greag Ghoinnich a re  m etam orphically behind th e i r  
c o u n te rp a rts  on Gam nan S g l ia t  can be equated w ith  th e  in c reased  d is tan ce  
o f th i s  h i l l  from the Lochnagar G ran ite .
Those p a r ts  o f Gam nan S g l ia t  ly in g  n e a re s t th e  g ra n ite  m argins, 
and the  a rea  n o rth  of th e  Dee, re p re se n t by c o n tra s t  th e  cu lm ination  in  
the  growth of c o r d ie r i te  i f  not of a n d a lu s i te ,  d u rin g  th e  evo lu tion  of a 
w idespread f o l i a t i o n .  The appearance o f  th e  f o l ia t io n  has lo c a l ly  been 
in te n s i f ie d  by th e  in tro d u c tio n  of g r a n i t ic  m a te r ia l,  which fu r th e r  s tre n g ­
thens th e  view th a t  th e  m in e ra lo g ica l changes a re  on the  whole co n tac t 
therm al ones.
This p a r t  o f the  c o rd i e r i t  e /  andalus i  te  zone d isp la y s  s l ig h t ly  l a t e r  
changes th an  th a t  around Braemar. Some o f th e se  have involved fu r th e r  
deform ation , shown by th e  h ig h ly  s t r a in e d  n a tu re  o f th e  c o rd ie r i te  and by 
evidence o f  r e c r y s t a l l i s a t i o n .  The s t r i p - l i k e  appearance o f  much o f i t ,  
and i t s  response to  two s c h i s to s i t i e s  in  some l o c a l i t i e s  combine to  prove 
th a t  c o r d ie r i te  was a c tiv e  d u rin g  th e se  metamorphic changes.
A ctual m ic ro -fo ld in g  o f c o r d ie r i te  and a n d a lu s ite  (GB 120, p , 62) 
speaks fo r  i t s e l f  a s  reg a rd s  p o s t-th e rm a l dynamic e f f e c t s .
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Plate 99» Andaliisite (A) in  a zone o f fe lsp ar  (F ), around which are con­
centrations of mica + c h lo r ite . B io t ite  and muscovite are a lso  
found w ithin  the andalusite, which has very th in  rims of s e r ic i t ic  
mica in d ica tin g  that some at le a s t  o f the mica i s  p ost-an d a lu site .
KB 2 7 6 ; X 3 5 .
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( i i )  S illim anite-bearing rocks. Apart from one knovm lo c a lity  s i l l i -  
inanite reached only the in i t ia l  plmse of growth in even the most advanced 
h orn felses. I ts  overall d istr ib u tion  correlates w ell with areas in which 
granite intrusions are present. I t  is  believed to be a p ost-tecton ic  
resu lt of high-grade contact thermal metamorphism, and not simply a re­
c r y s ta llisa t io n  of s illim a n ite  formed under regional metamorphic conditions.
As the evidence presented im plies, there is  both a la tera l and a temporal 
gap between the kyanite zone and the general appearance of s illim a n ite , 
which is  la ter  than that of cord ierite  and andalusite.
The Problem of Chlorite
The occurrence of ch lo r ite  lias not yet been d ea lt with. I t  i s  usually  
a r e la t iv e ly  la te , rep lacive mineral, as i f  a re su lt of retrogressive meta­
morphism. In sp ite  of a fa ir ly  widespread incidence, however, i t  i s  re­
s tr ic te d  in  importance to d e fin ite  areas. I t  is  not found in areas of 
high-tempe rature hornfelses and in fact gradually d ies out towards such 
zones. I t  thus would seem lik e ly  that ch lor ite  developed regionally  before 
the main therm 1 phase of metamorphism which u ltim ately destroyed the 
ch lo r ite  of the h i^ e r  zones. Some d irect evidence supports th is  contention: 
in  one or two sch is t  specimens andalusite cross-cuts micas, including ch lo r ite .
In the Barrovian zones ch lo r ite  is  almost en tire ly  younger than b io t ite ,  
muscovite and garnet, and can be seen to post-date the fo ld ing in some 
"black sch ists" ; but re la tiv e  to andalusite i t s  age i s  uncertain lp l.9 9 ) .  
Exceptionally ch lo r ite  is  not the la te s t  of mineral developments, for  
in  KB 181 hornblende crysta ls  transect those of c h lo r ite . This ch lor ite  
is  o p tica lly  d is t in c t  from that normally encountered here, and i s ,  in  the 
w riter 's  opinion, " le f t  over" from the ch lor ite  grade.
Infrequently fin er  ch lor ite  of a d ifferen t sort again has replaced  
cord ierite  in " retro -sch ists" . This is  a completely la ter  e f fe c t  which is  
present in  certain  types of cord ierite  hornfels only. I t  would, in  conse-
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quence, seem safe  to  assume th a t  most c h lo r i te  i s  p o s t-re g io n a l metamorphism, 
bu t p re -c o n ta c t therm al imtamorphism.
These assum ptions, however, a re  not q u ite  com patible w ith  the  evidence 
from the igneous rocks b e liev ed  to  be re sp o n sib le  fo r  th e  therm al metamor­
phism. In  g ra n ite s  and d io r i t e s  c h lo r i te  commonly rep lace s  b io t i t e  and 
hornb lende. Consequently one is  forced  to  co n sid e r the form ation of th is  
c h lo r i te  as in d ic a tiv e  of la te  re tro g re s s iv e  metamorphism p o ssib ly  dependent 
upon the  la te  dynamic metamorphism, which a f fe c te d  the  igneous rocks them­
se lv es  (some c h lo r i t e  is  i t s e l f  deform ed). There a re  th u s  p o ss ib ly  two 
perio d s  of c h lo r ite - fo rm a tio n .
Metamorphic S yn thesis  and C o rre la tio n  w ith  B an ffsh ire
I t  i s  g e n e ra lly  accep ted  th a t  in  the  C en tra l H ighlands of Scotland 
the  D alrad ian  rocks have su ffe re d  th ree  main s tag es  of metamorphism, the 
middle one being  the  g r e a te s t .  The last-m en tioned  is  considered  to  be 
la rg e ly  "p o st-F ^" , and can be recognised  a ls o  in  B an ffsh ire  where i t  appears 
to  be l a t e r  th an  the s o -c a lle d  Buchan type , though p o ss ib ly  b road ly  contem­
poraneous as a  s t a t i c  phase.
According to  Johnson (1962j, a n d a lu s ite  grew in  a  s t a t i c  phase of 
therm al a c t i v i t y  a f t e r  th e  F^ bu t b e fo re  th e  F^ p e rio d , though i t  probably 
su ffe re d  la te  r e c r y s t a l l i s a t i o n .  C o rd ie r ite , formed a t  the  same tim e, was 
ro ta te d  by F^ f o ld s .  K yanite, r a r e ,  i s  considered  to  have formed a f t e r  
a n d a lu s i te ,  sometimes by re p la c in g  i t .  S il l im a n ite  i s  of u n c e rta in  age 
though p o st-F g .
In  Braemar i t  would appear th a t  a n d a lu s ite  and c o rd ie r i te  a re  one com­
p le te  phase o f  fo ld in g  l a t e r  in  th e i r  growth th an  in  B an ffsh ire . Even i f  
t h i s  must rem ain an h ypo thesis  i t  is  in d isp u tab le  th a t  th ese  m inerals around 
Braemar a re  l a t e r  than  th e  g a rn e t- s ta u ro li te -k y a n ite  assem blage. I t  i s  
f u r th e r  in d isp u ta b le  th a t  s i l l im a n i te  here appeared one fo ld  phase l a t e r
TABLE SHOWING THE HISTORY OF METAMORPHIC EVENTS FROM THE 
SOUTHWEST OF THE AREA STUDIED TO THE NORTHEAST OF BRAEMAR
(not to scale)
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Fig. 49. Table of Metamorphic Events.
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than  some of the  a n d a lu s ite  and c o r d ie r i te  (eg . CB 120), nor has i t  
a r is e n  by chem ical breakdown of th e  micas as found by Chinner ( I 96O) 
in  Glen Glova.
A ccording to  Johnson th e  Buchan-type of m ineral assemblage formed 
a t  a h igher s t r u c tu r a l  le v e l in  B an ffsh ire  th an  th e  B arro v ian -ty p e . In  
the  Braemar a re a  th is  cannot p o ss ib ly  be so a s  the  two assem blages occur 
w ith in  a  m ile of one an o th er a lo n g  th e  Caledonoid tre n d . Consequently 
th e  Braemar a re a  must be considered  to  be m etam orphically d i s t in c t  from 
B a n ffsh ire , and to have undergone a phase o f B arrov ian-type  reg io n a l 
metamorphism upon which was superimposed a  l a t e r  phase o f co n tac t therm al 
metamorphism b efo re  deform ation  f i n a l l y  ceased in  the a re a .
A ta b le ,  summarising th e  main metamorphic ev en ts , i s  p resen ted  
in  f ig u re  45»
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PART 7
IGNEOUS ROCKS
In tro d u c tio n
The igneous rocks of the  a re a  range in  decreasing  o rder of a reas  
occupied from g ra n ite s  to  d io r i t e s  to  e p id io r i te s .  The a rea  borders on 
the Lochnagar G ran ite  Complex, and i t  i s  p e r t in e n t  b r i e f ly  to  d esc rib e  
th a t  mass s in ce  the igneous rocks of th e  a rea  a re  r e la te d  to  i t .  These 
w i l l  then  be d e a lt  w ith  in  order o f abundance.
H is to ry  of Previous Research
The most im portant re cen t work is  th a t  of Oldershaw (1958» Ph.D. 
th e s i s )  on the  "Lochnagar G ra n itic  Ring Complex", in  which he recogn ises a 
c o n ce n tric  s e r ie s  of d io r i t e s  (3 phases) and l a t e r  g ra n ite s  (3 phases) 
which pushed a s id e  the co u n try  ro c k s .
The d io r i t e s  form the ou te r s e t ,  o ccu rrin g  now as s ix  o r so is o la te d  
masses of d i f f e r e n t  g ra in  s iz e  and com position , w ith  a  tre n d  from b a s ic  to  
a c id .  The ra re ly -zo n ed  o lig o c la se  v a r ie s  from An^^ to  Qpartz con­
s t i t u t e s  13^  o f the  rock , m afics 20^, A f a in t  f o l i a t i o n  W,s been id e n t i f ie d  
as a flow  s tru c tu re  s in ce  the  m inerals have no t su ffe re d  c rush ing .
The g ra n ite s  become f in e r  in  sequence o f in tr u s io n ,  and none have any 
m icro c lin e  p re se n t. The co arse  g ra n ite  i s  outerm ost, be ing  undeformed, 
homogeneous and p o rp h y r i t ic .  The phenocrysts (two types of o rth o c la se  
p e r th i te  up to  ÿ *  long) a re  s e t  in  a  m atrix  o f c le a r  q u a rtz , o rth o c la se , 
p la g io c la se  and m afics. Only t h i s  g ra n ite  co n ta in s  x e n o lith s , and th e se , 
of s c h is t  and d i o r i t e ,  d ie  out towards th e  c e n tr a l  p o rtio n .
The medium g ra n ite  i s  a lso  homogeneous bu t n o n -p o rp h y ritic  in  th e  main, 
and is  made up of q u a r tz , o rth o c la se  p e r th i te ,  o lig o c la se  (An^^) and b io t i t e ,
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This g ra n ite  has sharp  c o n ta c ts  a g a in s t  the  co a rse , bu t is  r a r e ly  c h i l le d .
I t  is  believed  to  have come in  by nagmatic s to p in g .
The f i n e r  g ra n ite  is  eq u ig ran u lar and has i t s e l f  two phases, the  
in n e r c h i l le d  a g a in s t  th e  o u te r . The p e r th i t i c  s t ru c tu re  is  w e ll developed 
in  th e  o r th o c la se , and ag a in  o lig o c la se  has th e  com position An^^. S h a tte r  
b e l t s  a re  noted in  th e  f in e  g ra n ite .
A. ACID ROCKS
F ie ld  R e la tio n s  
(a) Grgni.t^s__
G ran ite  I s  by f a r  the  most abundant o f th e  igneous ro ck s , occurring  
throughout most o f th e  a re a . The th re e  f i e ld  maps adequate ly  p o rtray  
g ra n ite  d i s t r ib u t io n ,  bu t even they  do n o t in d ic a te  a l l  th e  ou tc rops, many
of which a re  to o  sm all to  be mapped.
The map of Creag Choinnich i s  p a r t ic u la r ly  illu m in a tin g  in  i t s  evidence 
o f g ra n ite  occurrence which may be v is u a l is e d  as bo th  large and sm all, 
re g u la r  and i r r e g u la r  masses o fte n  d i r e c t ly  lin k ed  up. O ccasional v a r ia tio n s  
in  th e  outward appearance of g ra n i te  bodies (see  p . 87 ) suggest phases o f 
in tru s io n ,  b u t o th e r f i e l d  evidence and p e tro lo g ic a l  co n s id e ra tio n s  suggest 
th a t  a l l  g ra n ite  masses can be r e la te d  to  one paren t magma.
A r e l i c t  s tra t ig ra p h y , c rea ted  by th e  presence of g ra n ite  r a th e r  in  
the manner of th e  Donegal G ran o d io rite , i s  w e ll seen on Creag Choinnich.
The is o la te d  fo ld  c lo su re s  in  lim estone a t  th e  summit, and the remnant 
pa tches of s c h is t  e t c . ,  c le a r ly  in d ic a te  th a t  some a t  le a s t  of th e  granite  
has been emplaced a t  th e  expense of th e  coun try  rock  w ithou t d is tu rb an ce  of 
the rem ainder.
The same map re v e a ls  a  d i s t i n c t  tendency fo r  th e  gran ite to  form con­
co rdan t sh ee ts  e t c . ,  e s p e c ia l ly  in  a re a s  of q u a r tz i t e .  Here th e re  i s  
evidence of fo rc e fu l in tr u s io n ,  e s p e c ia l ly  where th e  h o s t rock  has a  p la ty
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h a b it ;  bu t i t  i s  ev iden t th a t  th e  B la ir  A th o ll S e rie s  o ffe re d  le s s  r e s i s ­
tance  to  g ra n ite  emplacement th an  th e  P e rth sM re  Q u a rtz ite .
On Cam nan S g lia t  (upper nappe) the  margins o f  th e  Lochnagar g ran ite  
o f te n  " fe a th e r  out" in to  a  re p la c iv e  netw ork, being u ltim a te ly  reduced to  
seem ingly is o la te d  m asses. Although lack  o f exposure p reven ts d ir e c t  
o b se rv a tio n  of i t  the  au th o r i s  in  no doubt th at th e  main Lochnagar G ranite  
( r e l a t iv e ly  undeformed) lin k s  w ith  th a t  of Creag Choinnich (deform ed).
The boundary of th e  g ra n ite  a t  th e  sou thern  end o f Cam nan S g lia t  
fo llow s the  o r ig in a l  P e r th sh ire  Q uartz ite /B en  Eagach S c h is t boundary, the  
g ra n ite  ly in g  on the  s c h is t  s id e , showing th a t  th i s  s c h is t ,  to o , has 
o ffe re d  le s s  re s is ta n c e  th an  th e  q u a r tz i te  to  the  incoming o f  th e  g ra n ite .
N orth o f  th e  Dee, g ra n ite  forms th e  same s o r t  o f  i r r e g u la r  masses and 
f in e  netw orks. I t  i s  presum ably th e  same g ra n ite  as b e fo re . Some bod ies, 
however, pass in to  dyke- and s i l l - l i k e  mass (see  p .84) bu t as befo re  th e  
g ra n ite  may p reserv e  a  r e l i c t  s tr a t ig ra p h y  o r may be charged w ith  sm all 
in c lu s io n s .
In sp e c tio n  of th e  f i e l d  maps alone does n o t e n t i r e ly  solve th e  problem 
of th e  a g e - re la t io n s  o f  g ra n ite  to  o th e r igneous ro c k s . Even in d iv id u a l 
co n tac ts  in  th e  f i e ld  may be u n h e lp fu l, and sm all-sca le  and la b o ra to ry  
evidence must be co n sid ered .
Like th o se  o f c e r ta in  o th e r Caledonian g ra n ite  m asses, th e  sm all- 
s c a le  granite r e la t io n s  to  i t s  h o s t provide evidence bo th  fo r  fo rc e fu l 
in t r u s io n  and f o r  emplacement by replacem ent o f  th e  country  rocks in  s i t u .  
This evidence w i l l  now be presented.
The so u th ea s t s id e  o f  Creag Choinnich provides good exposures o f 
g ra n ite  in  co n tac t w ith  q u a r tz i te ,  p e l i t i c  and s e m i-p e l i t ic  ro c k s . I t  can 
never be co n c lu s iv e ly  proved th a t  any o f  th e  g ra n ite  sh ee ts  a re  com pletely  
d i la t io n a ry ,  bu t w hile  much evidence to  th e  c o n tra ry  e x is t s ,  some l o c a l i t i e s  
fu rn ish  d i r e c t  evidence o f  d is tu rb an ce  o f th e  country  ro ck . Many occurrences
rP la te  100. D is tu rb ed  in c lu s io n s  o f q u a rtz o se  s c h i s t  in  th e  g r a n i te .
P la te  101. Contam inated g r a n i te  where i t  has invaded and rep la ce d  
p e l i t i c  co u n try  ro ck  (se e  a ls o  p la te  113) .
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o f q u a r tz i te  in c lu s io n s  have been no ted . Sometimes, as  a t  th e  p o in t 
(030 , 087) on Creag C hoinnich, such in c lu s io n s  can be seen from t h e i r  p re se n t 
o r ie n ta t io n  to  have been ro ta te d  in  th e  g ra n i te  ( p l . lO O ) .  At ano ther 
l o c a l i t y  (028,088) 50^  o f the  q u a r tz i te  in c lu s io n s  have been l i t t l e  moved, 
w hile  the rem ainder a r e  random ly o r ie n ta te d  a f t e r  f o r c ib le  detachm ent from 
a re g u la r ly -d ip p in g  q u a r t z i t e  mass. The o r ie n ta t io n  of e longated  r a f t s  
o f q u a rtzo se  s c h is t  leav es  no doubt as to  t h e i r  d is tu rb e d  n a tu re  v i z : -  
s t r i k e  of e lo n g a tio n  p a r a l l e l  to  banding , a t  80°, 310° , 285° ,  170° ,  165° ,
325° ,  325° .
There is  a ls o  such ev idence of th e  magma t i c  n a tu re  o f  th e  g ra n i te  as 
d ru sy  c a v i t i e s ,  though th ese  a re  ex trem ely  r a r e .
On the  o th e r  hand some ju n c tio n s  between q u a r tz i te  and g ra n i te  appear 
i n i t i a l l y  to  be g ra d a t io n a l ,  in  consequence of th e  g ra n i te  becoming f in e r  
and more evenly  pink in  c o lo u r , to  match th a t  o f th e  e lo n g a ted  f e ls p a r s  in  
th e  q u a r t z i t e .  This i s  a  r e s u l t  o f c h i l l i n g  of th e  g ra n i te  on th e  one hand, 
and (som etimes) by f e l s p a th i s a t io n  of th e  q u a r tz i te  on the o th e r . Shearing  
can produce an  a p p a re n t g ra d a tio n  between the  two.
As a  g e n e ra l r u le  c h i l l i n g  is  seldom to  be reco g n ised , though the  v e ry  
e x is te n c e  of m ic ro g ra n ite  in  the  same environm ent as  g ra n i te  must be ad­
m itte d  a s  a p o s s ib le  in s ta n c e  of c h i l l i n g .  N o tw ithstand ing , th e  g ra n i te  
must have e n te re d  a p re -h e a te d  environm ent in  most p a r ts  o f  Creag Choinnich, 
a s  e lsew here  in  the  a r e a .
The f e l s p a th i s a t io n  m entioned above is  b e s t  seen in  specimen CB 5 
( q u a r t z i t e ) .  W ith in  s ix  inches o f the  c o n ta c t  zone th e  two rocks a re  d i s ­
t i n c t ,  as  g ra n i te  and q u a r t z i t e ,  bu t tow ards th e  c o n ta c t  from here  th e  s iz e  
and frequency  o f a re a s  o f q u a rtz  in  th e  g ra n i te  in c re a s e . At th e  same tim e 
b o th  po tash  f e l s p a r  and p la g io c la s e  c r y s ta ls  dec rease  in  number b u t n o t in  
s i z e .  U ltim a te ly  th e  q u a rtz  a re a s  tak e  on th e  t ru e  i d e n t i t y  o f q u a r t z i t e .  
W ith in  th i s  p a r t  o f th e  q u a r t z i t e  th e  la rg e  f e ls p a r s  appear as  eu h ed ra l 
c r y s t a l s ,  b u t under th e  m icroscope th e y  a re  seen to  be more l e n t ic u l a r ,
1 Foot 
( 1 )
G r a n i t e
I Foot 
( 1 1 )
F ig . 50 . Diagram o f  g ra n ite  co n tac ts  fo llo w in g  fo ld  p r o f i le s  
in  p e l i t i c  rocks ( i )  and q u a r tz i te  ( i i ) .
d . f
P la te  102. E x c e lle n t  ev idence  o f  th e  d is tu rb a n c e  o f  s c h is t  
bands caused by th e  incom ing o f  g r a n i t e .
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hav ing  su ffe re d  s h e a r in g , and a re  thus of p o rp h y ro h la s tic  o r ig in .
Around th e  summit of Creag Choinnich, to o , some exposures of q u a r tz i te  
a re  v i s i b l y  en riched  in  f e l s p a r ,  w hile  th e  a d ja c e n t g ra n i te  i s  en riched  in  
q u a r tz .  The s e le c t iv e ly  re p la c iv e  n a tu re  of th e  g ra n i te  can be n e a tly  
dem onstrated  a t  l o c a l i t y  (014,082) where th e  g r a n i te  c o n ta c t fo llow s p re ­
c is e ly  th e  p r o f i le  of minor fo ld s  in  the  m etasedim ents ( f i g .  501 ) ,  though 
t h i s  s i t u a t io n  can a ls o  be found in  q u a r tz i te  ( f i g .  5 0 i i j .  At o th e r  p o in ts  
in  t h i s  a re a  o f the  lower nappe the  g ra n i te  has re p la c e d  the  coun try  rocks 
on a g rander s c a le :  one whole c l i f f - s e c t i o n  is  of a r e l i c t  s tr a t ig r a p h y  in  
m in ia tu re , y e t  th e re  is  no ev idence as to  th e  p re c is e  mechanism of re p la c e ­
m ent. Here one e n t i r e  end of th e  fe a tu re  i s  occupied by co u n try  ro c k s , bu t 
tow ards the o th e r  end th e y  g ive way to  an in c re a s in g  p ro p o rtio n  of g ra n i te  
sh e e ts ,  s i l l s  and le n s e s , u n t i l  the  whole c l i f f  i s  of homogeneous g r a n i t e .
In  la r g e r  a re a s  o f t ru e  s c h i s t ,  such a s  Cam nan S g l ia t ,  th e  g ra n i te  
shows s im i la r  v a r ia t io n s  in  i t s  mode o f occu rrence , t h o u ^  s i l l - l i k e  masses 
a re  l e s s  common, bu t v e in  netw orks more abundan t. In  th e  h o rn fe lse s  th in  
g ra n i te  v e in s  or sh e e ts  may be d i f f i c u l t  to  d is t in g u is h :  indeed , in  f o l ia te d  
h o rn fe lse s  i t  may be d i f f i c u l t  to  s e p a ra te  them a t  a l l ,  o r to  decide  w hether 
the  g r a n i t e - l i k e  bands a re  of i ^ e o u s  o r metamorphic o r ig in .  At many 
l o c a l i t i e s  d i s c r e te  o f f - s h o o ts  o f g r a n i te  c ro s s -c u t  th e  s t r u c tu r e s  in  th e  
h o s t o n ly  to  be " lo s t"  where f i n e r  branches grade out in to  th e  coun try  ro ck .
C ontam ination o f g r a n i te  in  p rox im ity  to  such p e l i t i c  rocks b ea rs  
f u r th e r  w itn ess  to  i t s  r e p la c iv e  n a tu re  ( p i .  101 ) and must be considered  
as an  e f f e c t iv e  in f lu e n c e  on the p e tro lo g y  of th e  g r a n i te  (see  "P e tro lo g y " , 
s e c t io n  ( a ) ) .
Evidence of a  more c o n tra d ic to ry  n a tu re  can be found a t  l o c a l i t y  
(098 , 122) and l o c a l i t y  (122 ,158 ), n o r th  of th e  Dee. G ran ite  sh e e ts  c ro s s ­
c u t fo ld s  o f  a l l  ages in  the  s c h is t  and d is tu rb  c e r ta in  bands ( p i .  102 ) ,  y e t 
in  o th e r  bands, g e n tly  fo ld e d , the  g ra n i te  a p p e a rs .to  be re p la c iv e  ( p i .  105 ) ,
iÆm
m m '
P la te  103» Evidence o f  th e  r e p la c iv e  n a tu re  o f  th e  g r a n i te .
P la te  104. D isco rd an t sh e e t  o f  g r a n i te  p re s e rv in g  th e  
s t r u c tu r e  o f th e  s c h i s t .
.Jr't A
m m
P la te 105. A pparent d isp lacem en t o f  s c h is t-b a n d s  a c ro s s  a  t h in  sh e e t
o f g r a n i t e .
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and where d isc o rd a n t th e  o r ig in a l  s t r u c tu r e  in  th e  s c h is t  i s  p e r f e c t ly  
p rese rv ed  ( p i .  104 ) in  the g r a n i t e .
Even a t  th e  only  l o c a l i t y  where hands o f  s c h is t  a re  d isp la c e d  a c ro ss  
t h in  in t r u s iv e  sh e e ts  of g r a n i te  th e  d isp lacem en ts  a r e  g r e a te r  th an  the  
w id th  of th e  s h e e ts  would a llow  ( p i .  105 )• The most l ik e ly  e x p la n a tio n  
i s  t h a t  th e  /pca-nite occupies a minor f a u l t -z o n e .
C onsequently  th e  f i e ld  r e l a t i o n s  of th e  g ra n i te  to  th e  q u a rtz o -  
f e l s p a th ic  and p e l i t i c  rocks in d ic a te  th a t  th e  g r a n i te  has come in to  p lace  
by bo th  f o rc e fu l  in t r u s io n  and by rep lacem en t, i t  i s  env isaged , from the  
ev idence p re se n ted , t h a t  the  f o r c e f u l  n a tu re  o f th e  g r a n i te  a l te r n a te d  w ith  
th a t  of rep lacem ent due to  th e  b u ild -u p  o f p re s su re  from below . During 
p e rio d s  o f reduced p re s su re  th e  presence o f  th e  g r a n i te  allow ed th e  coun try  
rocks to  h e a t up,and rep lacem ent commenced. Then when th e  p re ssu re  reached  
a h igh  le v e l  th e  o u te r  p o r tio n s  were f o r c e f u l ly  in je c te d  in to  th e  co u n try  
ro c k s , in  seme cases re a c h in g  c o ld e r  l e v e ls .
A s p e c ia l  s tu d y  of g ra n i te / lim e s to n e  c o n ta c ts  has not been made, b u t 
the  ev idence found i s  much a s  p re se n te d  above. The g ra n i te  shows no s p e c ia l  
a f f i n i t y  f o r  invad ing  or r e p la c in g  c a lc a re o u s  ro c k s . N e t-v e in in g  i s  unknown. 
However, a t  the  summit of Creag C hoinnich the  g ra n i te  e x h ib i ts  a m inera lo - 
g ic a l  d e p a rtu re  from normal in  consequence o f i t s  p rox im ity  to  th e  lim e­
sto n e  th e r e .  Very c lo se  to  the  c o n ta c t  th e  g ra n i te  i s  converted  to  an 
a p p a re n tly  m onom ineralic vdiite ro ck  (" a n o r th o s i te " )  f u r th e r  d e sc rib ed  under 
" P e tro lo g y " . In tr u s iv e  sh e e ts  o f  t h i s  ro ck  have a ls o  been found ( p i , 106).
The f i e l d  r e l a t i o n s  o f th e  g ra n i te  to  th e  d i o r i t e  leave  no doubt th a t  
the  d i o r i t e  was th e  e a r l i e r  phase, a s  found by Oldershaw, D io r i te  may be 
veined  by the  a c id  ro c k  or sh a rp ly  t r a n s e c te d  by i t .  Some l o c a l i t i e s  re v e a l  
in c lu s io n s  o f d i o r i t e  in  g r a n i te ;  in  o th e rs  th e  d i o r i t e  i s  unm istakeab ly  
b e in g  g r a n i t is e d  a t  th e  ju n c tio n , p ro v id in g  an a p p a ren t t r a n s i t i o n  between 
th e  twoo This may a r i s e  by th e  development in  the d i o r i t e  o f p a tch es  enriched
P la te  106. I n t r u s iv e  sh e e t of " a n o r th o s i te "  (A) w ith  two th in n e r  ones to
the  r i g h t .
P la te  107. An e p id io r i t e  sh e e t (E) t ra n s e c te d  by g r a n i te  (G ),
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in  q u a r ts  and p o tash  f e l s p a r ,  or hy th e  fo n d a tio n  of a zone of "mixed" 
ro c k .
At l o c a l i t y  (087,138) th e  "mixed" rock  can be s tu d ie d . The two ro ck - 
ty p es  were emplaced a s  s e p a ra te  sh e e ts  bu t towards t h e i r  m utual boundary 
th e y  become a ty p ic a l  and v a r ia b le .  Some exposures resem ble contam inated 
g r a n i te ,  o th e rs  g r a n i t is e d  d i o r i t e .  D e ta ile d  in v e s t ig a t io n  re v e a ls  "con­
tam in a tio n "  on a l l  s c a le s ,  p o r tio n s  o f d i o r i t e  hav ing  been found in  a l l  
s ta g e s  o f d ig e s t io n  (see  " P e tro lo g y " ) ,
P o rp h y r i t ic  m ic ro d io r ite s  and "dark  po rp h y ries"  v a ry  c o n s id e ra b ly  in  
age from p re -  to  p o s t- g r a n i te .
By t h e i r  v e ry  n a tu re  e p id io r i t e s  must be co n sid e red  to  be p r e - g r a n i te ,  
and t h e i r  f i e l d  r e l a t io n s  leave  no doubt t h a t  t h i s  i s  ^ o ( p l ,  10?),
(b) "Pelsi-W s/^etc^
A l th o u ^  d is t in g u is h e d  fo r  convenience on th e  maps, " fe ls i te s " a n d  
p o rp h y r i t ic  m ic ro g ran it es a re  no t e n t i r e ly  d i s t i n c t  from th e  g r a n i t e ( s ) , 
b u t th ey  occur on ly  as r e l a t i v e l y  t h in  s h e e ts ,  except perhaps on Cam  nan 
S g l i a t .  They a re  m ostly  in tru d e d  a long  or n e a r  th e  p lanes  o f  nappes and 
s l i d e s ,  and sanetim es may be the main in d ic a to r s  of such  s t r u c tu r e s .
The map c o v e rin g  Cam  nan S g l ia t  (map 2) shows th a t  swarms of concor­
dan t " f e l s i t e s " ,  as len se s  and s h e e ts , sometimes m u ltip le  o r b ranch ing , 
c o in c id e  w ith  a l e v e l  o f p robable  fo ld in g  o r th r u s t in g  w ith in  the  upper 
nappe q u a r t z i t e .  One la rg e  sh ee t t r a n s e c ts  th e  g r a n i te ,  i t  w i l l  be n o tic e d , 
a cco rd in g  to  th e  map, b u t f i e l d  evidence from th e  c o n ta c ts  is  no t so p o s it iv e  
(see  p . 84 ).
In  the a re a  n o r th  of th e  Dee few minor a c id  sh e e ts  have been encoun tered . 
Those mapped proceed u n d e fle c te d  in  the  g r a n i te  and a re  b e lie v ed  to  be l a t e r  
th an  i t .  T h e ir s c a r c i ty  confirm s the  o b se rv a tio n  th a t  th e  " f e l s i t e s "  
d im in ish  in  s iz e  and frequency  towards th e  n o r th e a s t  in  th e  Braemar a re a .
Su/nm/t,  Créa y  Choinnich
S.W. N.E.
F e  ! ' i l  t Q Q u a r t z  ! te
etc.
Gradaf^ within 1 foot
Feet
10
P ig , 51* Sheet of p o rp h y r it ic  " f e l s i t e ” g rad ing  qu ick ly  to  g r a n i te .
%
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An im p o r ta n t  d i s t i n c t i o n  ‘betv\reen them  an d  t r u e  g r a n i t e  i s  t h a t  th e y  have 
seldom  b e e n  found in  t h e  h o r n f e l s e d  s c h i s t  o f  th e  a r e a ,  and n e v e r  i n  th e  
Ben Eagach S c h i s t .
( c )  G r a n i te s  to  " F e l s i t e s ” e t c .
F i e ld  e v id e n c e  p ro v e s  t h a t  some o f th e  h y p a b y s sa l  a c id  ro c k s  a r e  p r e ­
g r a n i t e  and  some p o s t - g r a n i t e .  T here  a r e  th o s e ,  to o ,  w h ich  m ust be b ro a d ly  
co n tem p o ran eo u s , some o f w hich may w e l l  be  b u t  l o c a l l y  c h i l l e d  p h a ses  o f 
th e  g r a n i t e  i t s e l f .  The m a jo r i ty  c a n n o t  be r e l a t i v e l y  d a te d  w ith  c o n fid e n c e : 
o f  th o s e  t h a t  c a n  most a r e  p r e - g r a n i t e .
On th e  s o u th e a s te r n  s lo p e s  o f C reag  C h o in n ich  s e v e r a l  " f e l s i t e s ” a r e  
t e r m in a te d  by g r a n i t e  and  one o f  t h e s e  i s  inv ad ed  b y  to n g u es  o f  th e  g r a n i t e . 
N ear th e  summit o f th e  same h i l l  some " f e l s i t e s "  a p p e a r  to  c u t  a c ro s s  
g r a n i t e ,  b u t  a r e  u l t i m a t e l y  c u t  o u t by th e  sam e. T h is  p ro v e s  t h a t ,  a s  w i th  
th e  m e ta se d im e n ta ry  r o c k s ,  th e  g r a n i t e  may p r e s e r v e  p a r t s  o f  e a r l i e r  a c id  
i n t r u s i o n s  a lm o s t i n t a c t .
T h is  p a r t  o f  th e  a r e a  i s  n o t w i th o u t  c o n t r a d ic t o r y  e v id e n c e . F o r 
in s ta n c e  n e a r  th e  summit o f  C reag  C h o in n ich  one p o r p h y r i t i c  " f e l s i t e "  w h ich  
can  be t r a c e d  a s  su ch  f o r  many y a rd s  i s  c u t  o u t by g r a n i t e  a t  one end b u t  
g ra d e s  i n to  m ic r o g ra n i te  a n d  th e n  t o  g r a n i t e  w i t h in  two f e e t  a t  th e  o th e r  
end  ( f i g .  51 ) •  A ls o , th e  ju n c t io n s  o f  " f e l s i t e s "  p r e s e rv e d  w i th in  g r a n i t e  
may n o t  be s h a rp ,  w i th  j o i n t s  c r o s s i n g  fro m  one r o c k  in to  th e  o th e r  
( p i .  108 ) .
Som etim es i n d i r e c t  e v id e n c e  has  t o  be u se d  w here c o n ta c t  r e l a t i o n s  a r e  
u n h e lp f u l .  On th e  n o r th - w e s t  s id e  o f  C reag  C h o in n ich  th e  m i n  " f e l s i t e "  i n  
th e  g r a n i t e  i s  p ro v ed  to  be t h e  e a r l i e r  by  th e  p re s e n c e  i n  th e  g r a n i t e  o f  
q u a r t z i t e  in c lu s io n s  v e in e d  by i d e n t i c a l  " f e l s i t e " .
R e la t io n s h ip s  p ro v in g  th e  f i n e r  a c id  ro c k s  to  be p o s t - g r a n i t e  a r e  
s c a r c e .  N o rth  o f th e  Dee one s iz e a b le  " f e l s i t e "  c u ts  c le a n ly  th ro u g h  th e  
m ass o f  m ixed g r a n i t e / d i o r i t e  ro c k s  a l r e a d y  r e f e r r e d  t o .  A t l o c a l i t y
mP la te  108. J u n c tio n  o f " f e l s i t e ” (F) and g r a n i te  (G) c ro sse d  by a s e t
o f j o i n t s .
Plate 109. "F elsite”(F) and granite (G) intruding quartzite (Q.).
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(04 0 ,0 8 2 ), sou th  of th e  Dee, ty p ic a l  f in e  " f e l s i t e s ” appear to  bear the  
same r e la t io n s h ip  to  th e  g r a n i t e ,  y e t  no t f a r  away th e  g ra n i te  i s  o f  v a r ia b le  
c h a ra c te r ,  becoming much more l ik e  a p o rp h y r i t ic  f e l s i t e .  In  f a c t  much of 
tlie ev idence  of g r a n i t e s / " f e l s i t e s ” r e la t io n s h ip s  in v o lv es  the  v a r ia t io n  
o f  one tow ards ttie o th e r  (such  a s  t h a t  of f ig u re  51 ) .  This seems to  be 
p a r t i c u l a r ly  t r u e  o f p o rp h y r i t ic  " f e l s i t e s ” or m ic ro g ran ite s  which a re  
f re q u e n tly  to  be found in. a s s o c ia t io n  w ith  g r a n i te .  They may in tru d e  
g r a n i te  a t  one p o in t y e t grade p e r f e c t ly  in to  i t  a t  a n o th e r .
Composite sh e e ts  a re  not unknown. One sh ee t o f dark  re d d ish  " f e l s i t e ” , 
on ly  inches th ic k ,  lias been tra c e d  f o r  over 20 f e e t  in  q u a r tz i te  and g ra n i te  
on th e  s o u th e a s te rn  slo p es  o f  Creag C hoinnich . At one p o in t i t  l i e s  w holly  
w ith in  a 6- inch  sh ee t of g r a n i te  ( p l . 1 0 9 ) .  The igneous boundaries a re  
sharp  f o r  th e  most p a r t  though a t  two p o in ts  th e  two a c id  rocks have merged. 
T his evidence shows t h a t  two f lu id s  were in  c o e x is te n c e , f o r  th e  p o s it io n  
of th e  f i n e r  w ith in  th e  c o a rs e r  proves t h a t  i t  i s  not sim ply a c h i l le d  phase 
o f the  o th e r  produced in  s i t u .
One wonders, however, w hether in  th e  case of la r g e r  sh e e ts  g rad ing  
from g ra n i te  to  " f e l s i t e ” e t c .  a lo n g  t h e i r  len g th  t h i s  i s  evidence of 
g r a n i te  magma "g iv in g  b i r t h ” to  f e l s i t i c  m a te r ia l .  Such in s ta n c e s  have 
been observed on A nt-Sron where a g rad u a l change a long  a c id  sh e e ts  has been 
confirm ed . I t  can be seen from th e  map, to o , th a t  a t  th e  g r a n i t ic  "end" 
th e  s h e e t  becomes an i r r e g u la r  and much la rg e r  body in  c a n t r a s t  to  the  
f e l s i t i c  end which is  s ig n i f i c a n t ly  much more s h e e t - l i k e , concordant and 
th in n e r .
E xam ination of th e  la rg e  sh ee t o f  t ru e  f e l s i t e  on Cam nan S g l ia t  has 
e s ta b l is h e d  th a t  on a b ig g e r  s c a le ,  to o , f in e -  and c o a rse -g ra in e d  a c id  
igneous rocks may be b ro ad ly  contem poraneous, th e  two phases b len d in g  to ­
g e th e r  l o c a l ly .  Sudden v a r ia t io n s  in  te x tu re  a n d /o r  co lo u r e x is t  in  b o th  
ro c k s . C ontact p o r tio n s  tend  to  have a deeper red  c o lo u r th a n  e i t h e r  p a re n t,
Plate 110. A ty p ica l specimen o f granite showing stra in in g  of quarts 
c r y s ta ls . CB 2 0 /l;  x -n ico ls;  x 15.
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while one exposure co n stitu tes  a highly porphyritio acid rock unlike any 
other found, though obviously produced lo c a lly  a t  the tiræ of in trusion .
Petrology
(a) Gi^d^t_es_
Hand specimens of granite are grey to cream to d is t in c t ly  pink, 
speckled rocks, varying in grain size  from 5 mm downwards. Even in  the 
hand specimen granites nay be divided into b io t ite -r ic h  and b iotite-p oor  
types, but while two separate granites can thus be mapped over short d is ­
tances (see p. 87 ),%o overall d is t in c tio n  on th is basis i s  fe a s ib le . Any 
fo lia t io n  present i s  due largely  to  the common alignment of micaceous 
m inerals.
A microscopic study of th in  sections of over 70 specimens reveals that 
most granite samples conform to  the follow ing pattern:-
Quartz varies in  abundance from 25 to 35% of the to ta l volume of the 
rock. Invariably re c r y s ta llise d , i t  is  h ighly strained, forming len ticu lar  
growths (p i. 110 ) .  I ts  re la tiv e  purity compared to quartzite speaks for an 
igneous orig in , as already implied on page 45 •
The combined fe lsp ar  percentage is  around 60, but weathering and some­
times obscurity of the twinning prevents d e ta ils  o f the fe lsp ar ra tios from 
being obtained. Generally the potash and p lagioclase fe lsp ars are about 
equal, p lagioclase perhaps s l ig h t ly  more abundant save in  fin er  granites or 
certa in  b io t ite -r ic h  types where the reverse i s  true.
The potash fe lsp ar tends to have c r y s ta llise d  e a r lier , as can be deduced 
from the in clusion  of seme of i t  in  the p lagioclase (th is  i s  not an exsolut^on 
e f f e c t j .  The potash fe lsp ar i s  a lso  the more strained, undulose extinction  
being the ru le . Under crossed n ico ls  stra in  shadows c lo se ly  resemble bands 
of exsolved but untwinned a lb ite  which are present in other c r y s ta ls . Strain  
shadows are a lso  confusingly like  microcline twinning. Incip ient conversion
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o f  o r th o c la se  to  m icrocline has been found in  every th in  s e c t io n  examined. 
T h is , in c id e n ta l ly ,  is  in  d ir e c t  co n tr a d ic tio n  to  the evidence o f Oldershaw, 
and i t  must be concluded th at th is  change i s  undertaken in  a sh arp ly-d efin ed  
zone r i ^ t  a t  the edge o f th e  Lochnagar G ranite, and in  a l l  outer g r a n ite s .  
I t  i s  b e liev ed  th at the s tr a in in g , the development of m icrocline  tw inning  
and the e x so lu tio n  of a lb i t e  are concom itant.
U niversal sta g e  measurements have e s ta b lish e d  th a t the 2V angle fo r  
the potash f e ls p a r  i s  c o n s is t e n t ly  w ith in  the narrow range o f  th a t fo r  
m icroclin e  in  some g r a n ite s , in  other g ra n ites  orth o c la se  i s  a ls o  p resen t, 
the a n g le  2V approaching 5 0 ^ . Good magraatic zoning has been observed in  
the potash fe ls p a r  o f but one specim en, CB 177.
The in t e r f a c ia l  boundaries between th e  potash and p la g io c la se  fe lsp a r s  
tends to be marked by complex intergrow ths and sometimes "swapped rim s".
The An content o f the p la g io c la se  i s  u su a lly  reduced where i t  ad jo in s the 
potash fe ls p a r .
In c e r ta in  specimens the p la g io c la se  d isp la y s  a f a ir  c r y s ta l o u t lin e .  
T h is , and c h a r a c te r is t ic  cloudy brown a lte r a t io n ,  help  in  i t s  r ec o g n itio n  
when other fe a tu r e s  are obscured. Zoning i s  i l l - d e f in e d  in  most c a se s ,  
but in  con ju n ction  w ith  a lb i t e  and sometimes Carlsbad tw inning the v a r ia tio n  
in  com position  acro ss  the zones has been a scerta in ed  in  a few g ra n ite s  
(s e e  p . 88 ) .  O p tica l determ ination  o f th e  com position  shows th a t the  
p la g io c la se  of th e  area , exclu d in g  th e  edge o f  th e  Lochnagar mass, i s  
v a r ia b le .  V aria tion  has been found even w ith in  the l im it s  o f  one th in  
s e c t io n .  The unzoned p la g io c la se  o f most g r a n ite s  l i e s  w ith in  th e range o f  
An^ to  An^^, the l im it s  being An^_^ and An^^. Zoned c r y s ta ls  may have cores  
as h igh as An^g.
B io t i t e ,  presen t in  most s e c t io n s , is  always a s so c ia te d  w ith  re p la c iv e  
c h lo r i t e .  C ry sta ls , though sm all, tend to be b en t. There may be sm all 
amounts o f m uscovite intergrown w ith  the b io t i t e ,  but th e t o t a l  micas p lus
w s w . EN.K.
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B I O T I T E - P O O R  G R A N I T E
F e e t
( II)
B I O T I T E - R I C H  GRANWE
A-' . :
F ig . 5 2 . Diagrammatic s e c t io n s  co n ta in in g  b io t ite -p o o r  and b i o t i t e-i?ich  
g r a n ite .  S ec tio n  ( i i )  l i e s  ju s t  to  th e E.H.E. o f  ( i ) .
Plate 111. Smooth-weathering (s )  and rou^-w eathering  
granites (see  a lso  p late 112).
Plate 112. Close-up of part of p la te  111, showing junction of the two
types o f gran ite .
Plate 115. Local m ineralogical varia tion  in  the gran ite, the handing
suggesting a derivation  from the g ra n itisa tio n  o f handed sch is t  etc,
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ch lor ite  do not exceed 10^ of the whole-rock volujTie except in the h io t ite -  
rich  ^pranites.
Zircon, with pleochroic haloes against h io t ite ,  i s  a minor accessory. 
Small amounts of magnetite nay he present. Apatite is  absent.
V ariations in granite are hest developed in  minor bodies. For instance, 
at lo c a lity  (017,076) a b io tite-p oor and a b io t ite -r ic h  granite can read ily  
be d istinguished ( f ig .  32 ) .  There is  no evidence of th eir  rela tion sh ip , 
though within th is  area a granite of intermediate nature has been found. 
Another exposure is  of tliin bands tliat a lternate betvæen lig h t and dark 
fea tu reless  gran ite, but th eir  regu larity  and close proximity point to a 
genesis by lo ca l contamination.
Sometimes no petro log ica l d is t in c t io n  can be mde between tifo apparently 
d ifferen t granite bands ( p i . I l l , 2). In the instance illu s tr a te d  the granites 
cannot be d istinguished  on the c l i f f - fa c e  at right angles to that shown. 
Their only d ifference is  that one of them is  smooth-weathering on surfaces 
p ara lle l to a weak m icro-jointing.
Mostly, however, f ie ld  d ifferences r e f le c t  genuine m ineralogical ones.
D is tin c tly  b io t ite -r ic h  granites tend to  be very s lig h t ly  coarser than
*
normal and there may be d irect evidence of very lo ca l '•contamination". In 
GB 28 there are, in addition to  coarse flakes of b io t ite ,  c lo ts  of fin er  
b io t ite  showing two d irections of preferred orien tation . S t i l l  smaller 
t r a i l s  of opaque material may be matched in  a sch ist in c lu sion . A few of 
the t r a i l s  are a lso  enclosed by the fe lsp a rs, proving that the d igestion  of 
sch is t by the granite commenced at an early  stage in  i t s  cooling  h isto ry .
One part o f the inclusion  mentioned has been partly  "detached" from i t s  
parent. This must liave involved a measure of mechanical action  on the part 
of the gran ite .
D is tin c tly  m ica-deficient gran ites, generally  s lig h t ly  fin er  than 
average, are characterised by intergrowths between the potash felspar and
* This may a lso  be true o f  the "anorthosite" previously referred to  (p .81). 
I t  comprises andesine (An^^) with a l i t t l e  anhedral diopside and sphene, 
probably xenocrysts derived from skarn rocks.
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P late 1 14 . Intergrowths between a lk a li  fe lsp ar and quartz (graphic texture)
CB 24; x -n ico ls;  x 20.
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the quartz ( p l . 1 1 4 ) .  The felsp ar is  othen-fise sim ilar to normal but makes 
up to 62^ of the rock by volume, while p lagioclase may be as low as 3 . 4^.
C hlorite, often the only dark mineral, is  around 2^ of the rock.
Graphic intergrowth tectures are best developed in the intrusions on 
Creag Choinnich, esp ec ia lly  on the southeastern slopes. As with b io t ite -  
rich  and b iotite -p oor types, there are both sharp and gradational contacts 
between normal fpranite on the one hand, and apparently fin er  pink granites 
and red acid  rocks on the other. The la tte r  are seen in  section  to be mostly 
f e l s i t i c  (and con stitu te  further evidence o f g r a n ite /fe ls ite  a sso c ia tio n s).
The pink types may be almost e n tir e ly  of fe lsp a r , which is  seen in  th in  
section  to be potash fe lsp ar  of coarse g ra in -s iz e . In CB 24 these crysta ls  
are en tir e ly  dominated by a sieve texture caused by graphic intergrowth 
with quartz. Blebs of the la tte r  range from 0 .1  mm in  maximum dimension 
downwards. In any one felsp ar there are most often two regular patterns of 
d ifferen t s ize  adopted by the quartz.
When p lagioclase is  more abundant certain  crysta ls  have a sim ilar graphic
texture witli quartz. I t  is  noteworthy that under such conditions the quartz
crysta ls  have been protected from shearing e ffe c ts  and show no stra in  ex­
tin c tio n  whatever.
In some pegm atitic granites (which are never extensively  developed) 
p lagioclase w ith quartz inclusions may be the only fe lsp ar represented.
A ll the above-mentioned rocks can be d istinguished from normal in  the 
f ie ld ,  but other variants can only be estab lished  as such under the micro­
scope, mainly by the nature o f th e ir  p lagioclase fe lsp a rs , l-fhen Carlsbad/ 
a lb ite  twinning is  present zoning is  common, a feature shared with d io r ite s .
In unzoned cry sta ls  the composition is  An^  ^ or le s s ,  otherwise they range 
from An^  ^ to An^  ^ in  the core to An^  ^ or le ss  peripherally .
Specimens of granites c lo se  to  the main Lochnagar mass show no s ig n i f i ­
cant varia tion  in  th e ir  p lagioclase anorthite content (circa  An^^) .^s compared
»Plate 113» Porphyritio microgranite with intergrowths of quartz in  the 
fe lsp ar c r y s ta ls . This phenomenon is  found in  the groundmass 
a lso , CB 202; x -n ico ls;  x 35*
Plate 116. Weakly porphyritio " fe ls ite"  with graphic texture. CB 42B;
x -n ic o ls;  x 35.
to that of granites from Creag Choinnich and Craig Leek (lower in  va lu e).
I t  would, th u s  appear t h a t  th e  a n o r th i te  c o n te n t o f  th e  p la g io c la se  r i s e s  
a s  one c ro s s e s  in to  th e  main g ra n i te  mass, where c o n d itio n s  were more 
s ta b le  d u rin g  c r y s t a l l i s a t i o n .
(b) 'Fel.s_it_es_|^  jet^.
Microgranites associated  with granites have the same general petrology. 
This, in conjunction with th e ir  lo ca l extent, suggests a c lose  relationship  
in  orig in . E xisting d ifferences l i e  in their le sse r  amounts o f mica and 
greater amounts of quartz. There are no equivalents o f the b io t ite -r ic h  
gran ites.
The main masses, p articu larly  sh eets , of the b io t ite -r ic h  granites 
further contrast with granites in  being porphyritio in  varying degrees, 
and i t  has been observed that deformation textures are best developed in  
those most strongly  porphyritio.
The sheet nearest to being non-porphyritic (represented by CB 89) can 
only with d if f ic u lty  be d istinguished from quartzite in  the f ie ld .  Very 
rare phenocrysts of quartz, le s s  than 2 mm in  diameter, have been found 
a fter  an extensive examination of the availab le exposures. The rock appears 
granular in thin section  and, apart from iron ore, a l l  cry sta ls  v is ib le  are 
anhedral. Potash and p lagioclase fe lsp ars are equally represented. Flakes 
of mica are sporadic and tin y , being partly a ltered  to ch lo r ite , though fin e  
new muscovite lias been created from the a ltera tio n  of p lag ioc lase .
CB 75 i s  e s s e n t ia lly  the same,though deformed phenocrysts of quartz 
can be seen under the microscope, while p articu larly  obvious are larger 
"spots" of p a r tia lly  a ltered  b io t ite s  showing a common elongation caused 
by deformation. In yet another sim ilar sheet there are anhedral crysta ls  
and smaller aggregates of yellow ish garnet.
In  th e  more p o rp h y ritio  ty p es  th e  o rd er of abundance of phenocrysts  
ten d s  to  be q u a r tz , p o tash  f e l s p a r  and then  p la g io c la s e , t h e i r  s iz e  being
Plate 117 . Highly deformed and sheared gran ite(?) in  which the fe lsp ars  
show bending of the cleavage (centre) and even peripheral granu­
la t io n . CB 37; x -n ic o ls;  x 55-
Plate 118. More porphyritio aspect, p ossib ly  caused by lo c a l extremely 
intense deformation. The cen tra l fe lsp ar cry sta l i s  surrounded 
by a large area o f granulated fe lsp a r  p a r tic le s  (w ithin white 
l in e ) .  Adjacent to CB 37; x -n ico ls ;  x 35»
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comparable with those o f typ ica l gran ites. In some examples quartz in ter­
growths may be seen at the edges of potash felsp ar cry sta ls* .
Where deformation of the minor sheets has been in tense, as in  GB 34, 
i t  becomes more d if f ic u l t  to recognise the phenocrysts of quartz, though 
they are doubtless always present. Even where deformation has been more 
acute, e .g . CB 59» the thin section  permits one to see the extent to which 
the felspars have res is ted  i t .  The structure produced i s  much lik e  an 
in cip ien t s tr a in -s lip  in a m ica-sch ist, and cannot be confused with magraatic 
flow structures as can be the case with m icrodiorites.
Lastly CB 57 il lu s tr a te s  the p o s s ib i lity  of a purely mechanical 
gradation between acid porphyry and granite, brought about by extreme defor­
mation, Granulation of even the felsp ar in  th is  fla ser-typ e  rock lias 
rendered i t  d i f f ic u l t  to  decide whether th is  was o r ig in a lly  a granite or 
a f e l s i t i c  porphyry. In the f ie ld  i t  looks d is t in c t ly  granitoid , while 
under the microscope certa in  porphyritic features come to lig h t ( p i .117 , 8) .
B. INTERMEDIATE & OTHER ROCKS
Field  Relations
There i s  a gradation from d io r ite s  into m icrodiorites and thence into  
ep id io r ite s . As with the acid rocks the fin e r  types tend to be porphyritic. 
A ll of these w i l l  be considered together.
None o f  these rocks forms large bodies, though there are several 
sizeab le  sheets o f f in e  d io r ite  at the northern end o f the area. These 
follow  a Caledonoid trend and diminish in  s iz e  southwards as they grade 
into true m icrodiorites. No true d io r ite s  have been found south of the 
Dee.
The d io r it ic  sheets are le s s  regular than th e ir  m icrodioritic counter-
* Subsequen tly  two samples have been found w ith  w ell-developed  i n t e r ­
growths between p o tash  f e l s p a r  and q u a rtz  ( p i . 115 ,116).
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p a r ts  and e x h ib it  b ifu rc a tio n s  and sudden te rm in a tio n s . The most e a s te r ly  
sh ee t on C raig  Leek cu ts  s t r a ig h t  up the  s teep  slope a t  th e  n o rth e rn  end 
of th e  f e a tu re .  A t th e  to p , where th e  lim estone i s  f l a t - l y in g  and unde — 
formed, the  v e r t i c a l  sh ee t tu rn s  over to  form a  s i l l .
The m ic ro d io r ite s  a t  th e  southern end o f C raig  Leek i l l u s t r a t e  an o th er 
fe a tu re  -  th a t  dykes tend to  be more p o rp h y r itic  and of r e g u la r  form, w hile 
the " s i l l s "  (o r sem i-concordant bodies) are  th ic k e r ,  le s s  re g u la r  and le ss  
p o rp h y r i t ic .  Some o f th e  th in  p o rp h y ritic  dykes p o s t-d a te  th e  g ra n ite .
This r e la t io n s h ip  has been confirm ed ou ts id e  th e  a re a  mapped.
Prom th e  maps i t  would appear th a t  n e a r ly  a l l  th in  d i o r i t i c  shee ts  
a re  p o s t-g ra n i te .  This i s  no t s o . Ample evidence o f r e la t iv e  age from 
the  c o n tac ts  of th e  long d i o r i t i c  sheet in  th e  c en tre  o f  C raig  Leek shows 
th a t  a t  i t s  n o rth e rn  end i t  has w ithstood  the  invading  g ra n ite  which has 
sim ply p en e tra ted  down e i th e r  margin in to  the  q u a r tz i te .
An anomalous s i tu a t io n  i s  apparen t a t  a  lo c a l i ty  a  few hundred yards 
to  th e  northw est where a th in  porphyry dyke branches. One branch i s  c le a r ly  
term ina ted  by a g ra n ite  sh e e t, w h ile  th e  o th e r branch i t s e l f  te rm in a tes  the  
same or an even e a r l i e r  g ra n i te  s h e e t.
Un Creag Choinnich se v e ra l "dark  porphyries" l i e  w ith in  th e  g ra n ite .
The la rg e s t  o f th e se  is  d isco n tin u o u s, and th e re  can be l i t t l e  doubt th a t  
i t s  v a rio u s  outcrops a re  bu t rem nants or r a f t s .  Other ev idence, d e a lt  w ith  
l a t e r ,  a lso  p o in ts  to  an  e a r l i e r  age f o r  th e se  p o rp h y ries .
A ll the  in te rm ed ia te  rocks form sharp  boundaries w ith  th e  m etasedim entary 
ro c k s . A part from th e  la te  po rphyries probably  ten sio n  dykes) th e re  i s  no 
s u b s ta n t ia l  evidence fo r  or a g a in s t  d isplacem ent a c ro ss  th e  b o d ie s . D io ri-  
t i s a t i o n  of s c h is t  has been found on ly  once, and t h i s  on a  s m l l  s c a le .
True e p id io r i te s  and am phibo lites a re  th e  s p a r s e s t  o f  th e  igneous ro c k s . 
As th in  dykes or h ig h ly  in c lin e d  sh ee ts , seldom more th an  a few f e e t  w ide, 
th ey  a re  of l im ite d  Im g th , due in  some cases to  p o s t- in tru s iv e  deform ation .
à:
Plate 1 1 9 . Hornblende being replaced by b io t it e ,  ch lo r ite  and fe lsp ar  
(w hite). CB 203; % 80.
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Many are len ticu lar  in  plan, too, but may s t i l l  maintain an obviously 
transgressive relationship  to the country rocks. Their igneous nature 
i s  thus not in doubt. Other bodies which exh ib it no d is t in c t  igneous 
features may be h ornb lende-b iotite-sch ists of sedimentary or ig in .
Petrology
(a) D iorites -  Porphyritic M icrodiorites
In the main d io r ites  the fe lsp ars and an^hiboles are commonly around
3 mm in  length. Quartz is  re s tr ic ted  to in t e r s t i t ia l  areas or to in ter ­
growths w ith fe lsp ar and is  of lim ited  abundance though of widespread 
occurrence. Mostly of p lag ioc lase , the felspar is  subhedral to anhedral 
and variLably s e r ic it is e d . Zoning is  common and sometimes o sc illa to r y . 
Irreg u la r itie s  therein may resu lt from raetasomatic e ffe c ts  induced by 
la te r  granite in trusion . The cores of some felsp ars reach a composition 
of An^Q, but others may be as low as An^^. This, too, could be the resu lt  
of metasomatism. F in a lly , small amounts o f m icrocline, tending to  corrode 
the p lag ioclase, complete the p icture.
The amphibole, a pale o live green hornblende showing weak pleochroism, 
has better cry sta l outlines than the fe lsp a r . I t  has been p a r tia lly  replaced  
in  the core by b io t it e ,  ch lo r ite  and sometimes felspar ( p l . l l ^ ) .  P yrites , 
too , may be found in th is  s itu a tio n .
Sphene is  a not-too-common accessory, forming iso la ted  blades le ss  than
1 mm long. Smaller cry sta ls  of "epidote" are, lik e  sphene, subhedral, but
more sporadically  d istr ib u ted . H i^ ly  elongated crysta ls m y be s l i ^ t l y  
warped, while the s m lle s t  have been found enclosed by sphene.
Diminutive crysta ls of ap atite  have been ten ta tiv e ly  id e n tif ie d . Others, 
pleochroic needles of a neutral to drab o live  hue, are as yet u n id en tified . 
Although much lik e  tourmaline, G > U) and not the reverse. They cannot, 
therefore, be tourmaline and may be a coloured variety  of a p a tite .
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D io r ite s  not f i t t i n g  in to  th e  above p ic tu re  a re  q u a r tz - d io r i t e s .  In  
them the  fe ls p a r s  a re  more l a th - l ik e ,  o ften  w ith  C arlsb ad /A lb ite  tifinn ing , 
and the c r y s ta l  edges have a com position le s s  than An^^. The hornblende 
i s  le s s  w ell-form ed tlmn befo re , and b i o t i t e ,  in s tead  of re p la c in g  th e  
am phibole, e x is t s  as sep ara te  and equ ally  abundant c r y s ta l s .  C h lo rite  i s  
absen t bu t sphene i s  as ju s t  d esc rib ed .
Some of th e  q u a r tz -d io r i te s  re v e a l the presence o f pu zz lin g  new need les 
s i tu a te d  w ith in  quartz  and f e ls p a r  c r y s ta l s .  They a re  s ix -s id e d  in  c ro s s -  
s e c tio n  and range from c o lo u rle ss  to  very  pale green . They g re a t ly  resemble 
a p a t i t e  ye t th e re  appears to  be a  g rad a tio n  in  type to  prisms o f unm ista- 
keab le  am phibole. This i s  a l l  the more puzzling  because of th e  d iscovery  
in  CB 171 (m ic ro d io rite )  o f s im ila r ,  and a t  tim es la rg e r ,  needles which a re  
unquestionab ly  of a p a t i t e  and which d isp la y  no v a r ia t io n .  The fu r th e r  d is ­
covery in  ty p ic a l  d io r i t e s  of such prism s w ith  a  coloured c e n tr a l  zone and 
seem ingly h igher b ire fr in g e n c e  would suggest th a t  such phenomena could in  
f a c t  be a p a t i t e  need les moulded on to need les of amphibole. T his specimen 
(GB 171) i s  a lso  unusual in  th a t  th e  p la g io c la se  ranges in  com position from 
An^Q outwards to  rim s of An^g o r even l e s s .
The a rea  of "mixed" g ra n ite  and d i o r i t e ,  described  on page 82 , 
p a r t ly  c o n s is ts  of abnormal types of d i o r i t e ,  such as CB I 58 , which is  
weakly p o rp h y r i t ic . The amphibole has com pletely  r e c r y s ta l l i s e d ,  th o u ^  
p re se rv in g  i t s  i n i t i a l  o u t l in e s .  The c e n tr a l  zone of one amphibole in  
th e  s e c tio n  examined was found to  co n ta in  p a r t i a l ly  a l te r e d  m a te ria l p robably  
representing an e a r lie r -fo rm e d  pyroxene. In  p a r ts  of the  se c tio n  la rg e  
m ic ro d in e 8 have p a r t i a l l y  re p laced  the  p la g io c la se .
Other samples may be enriched  in  q u artz , th e  most obvious s ig n  of 
g r a n i t i s a t io n .  U sually  th e re  i s  a  h ig h er-than -average  p ro p o rtio n  o f po tash  
fe l s p a r ,  and in  GB 155 la rg e  p la te s  o f  m ic ro c lin e  surround the  alm ost 
u n a lte re d  hornblende c r y s ta l s .
94
The re m a in in g  q u e s t io n a b le  d i o r i t e s  a r e  s i t u a t e d  a t  S roh  a  B h ru ic  
(map 2) w here , a s  b e f o r e ,  g r a n i t e  i s  u b iq u i to u s .  P a tc h e s  o f  d o u b tfu l  
d i o r i t e  have been  found su rro u n d e d  by  g r a n i t e ,  an d  som etim es th e  l a t t e r  
g ra d e s  i n to  a  d a rk e r  ty p e  in  w hich x e n o l i th s  o f  g r a n i t i s e d  s c h i s t  a r e  j u s t  
d i s c e r n i b l e .  Are t h e s e  d i o r i t e s  t o  be re g a rd e d  a s  p a r t l y  d ig e s te d  in c lu s io n s  
o f  h o r n b le n d e - s c h is t?
I n  t h i n  s e c t io n  c e r t a i n  c h a r a c te r s  em erge t o  s u p p o r t  an  o r ig i n  by  
c o n ta m in a t io n  o f  g r a n i t e .  F o r in s ta n c e  i n  CB I64 , d i s t i n c t l y  l e u c o c r a t i c  
and c o a r s e r  th a n  n o rm a l, b i o t i t e  i s  w e ll- fo rm e d ;  b u t  h o rn b le n d e  i s  s c a r c e  
and n e v e r  a s s o c i a t e d  w ith  th e  m ic a . The p e rc e n ta g e  o f q u a r tz  l i e s  be tw een  
t h a t  o f a  g r a n i t e  and t h a t  o f  a  t r u e  d i o r i t e ,  w h ile  th e  p l a g io c la s e  com­
p o s i t i o n  t r e n d s  ou tw ards fro m  c r y s t a l  c o re s  o f An^g o r  more t o  An^g o r  l e s s .
The e f f e c t s  o f  t h e  g r a n i t e  on e a r l i e r  d i o r i t e s  e t c .  a r e  s l i g h t l y  
d i f f e r e n t .  A t th e  c o n ta c t  th e  d i o r i t e  i s  u s u a l l y  e n r ic h e d  i n  q u a r tz  o f  
a  c o a r s e r  g r a i n - s i z e  th a n  t h a t  a l r e a d y  p r e s e n t .  M etasom atic  z o n in g  h a s  
b e e n  in d u ce d  in  th e  f e l s p a r s ,  w h ich  a l s o  show an  in c r e a s e  i n  c lo u d y  a l t e r a t i o n  
( e q u iv a le n t  to  a  re d d e n in g  in  th e  hand specim en  -  a l s o  n o te d  b y  O ld e rsh a w ). 
C h lo r i t e  may be p r e s e n t  a f t e r  h o rn b le n d e .
(b ) P o r p h y r i t i c  M ic r o d io r i te s  -  E p i d io r i t e s
The g r a d a t io n  a l r e a d y  m en tioned  in  t h i s  g roup  o f  ro c k s  i s  b e l ie v e d  
t o  be a  f u n c t i o n  o f  ag e  c o u p le d  w ith  p r o g re s s iv e  r e g i o n a l  m etam orphism .
I n  th e  f i e l d  th e  l e a s t  a l t e r e d  s h e e t s  o f  su ch  ro c k s  d i s p l a y  no c le a v a g e  
o r  s c h i s t o s i t y ,  and  p h e n o c ry s ts  ( u s u a l ly  p r e s e n t )  a re  c l e a r l y  v i s i b l e .
The f i r s t  s ig n  o f  t r a n s f o r m a t io n  i s  m a n if e s t  i n  a  weak m a rg in a l 
c le a v a g e , p a r a l l e l  to  th e  c o n ta c t s .  I n c r e a s e  i n  m etam orphism  h a s  ca u se d  
th e  c le a v a g e  to  s p re a d  t o  a f f e c t  t h e  w hole body . A t t h i s  s ta g e  th e  pheno­
c r y s t s  a r e  d i f f i c u l t  t o  r e c o g n i s e ,  and  f u r t h e r  a l t e r a t i o n ,  c a u se d  m a in ly  
by  in c r e a s e  in  te m p e ra tu re ,  h a s  s e rv e d  t o  p ro d u ce  a  h o r n f e l s  o r  a  s c h i s to s e
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ro c k  ( e p i d i o r i t e ) . T h in  s e c t io n  e x a m in a tio n  o f  a  number o f  specim ens con­
f ir m s  th e s e  g r a d a t io n s .
The l e a s t  deform ed  ty p e  o f  p o rp h y ry  i s  t y p i f i e d  by GB 71 , w hich can  
b e  s e e n  t o  have t h r e e  " p h a s e s " : -  a  f i n e  c r y s t a l l i n e  g roundm ass, num erous 
s m a ll  to  m ed ium -sized  f e l s p a r  p h e n o c ry s ts ,  and r a r e r  l a r g e  f e l s p a r s  and 
a m p h ib o le s . The groundm ass i s  o f  q u a r t z - d i o r i t e  c o m p o s itio n , th e  q u a r tz  
c r y s t a l s  r e a c h in g  0 .1  mm in  l e n g th .  P o ta sh  and p l a g io c la s e  f e l s p a r s  l i e  
i n  in t im a te  a s s o c i a t i o n ,  and a re  c o m p le te ly  a n h e d r a l .  The am p h ib o le  i s  
i r r e g u l a r  i n  shape  an d  c o m p rise s  g re e n  h o rn b le n d e . I t s  a s s o c i a t e s  a re  
i r o n  o re  an d  s m a ll  am ounts o f  sp h e n e , a l s o  a n h e d r a l .  The a n p h ib o le  ra n g e s  
i n  s i z e  up t o  t h a t  o f  th e  seco n d  p h ase  f e l s p a r  ( 0 .2 - 0 .5  mm i n  l e n g th ) ,  
w h ich  i s  s u b h e d ra l ,  h a v in g  c h a r a c t e r i s t i c  o u t l i n e s ,  b u t  s u tu r e d  e d g e s .
Some i n d iv id u a l s  have been defo rm ed  by f lo t ; ,  th o u g h  t h e r e  i s  no im m ed ia te ly  
o b v io u s  f l o w - t e x tu r e . T w inn ing  and z o n in g , th o u g h  somewhat b l u r r e d ,  i n d ic a te  
t h a t  m o st, i f  n o t a l l ,  o f  t h e  f e l s p a r  i s  p l a g i o c l a s e .  The l a r g e  am ph ibo les 
have  l a r g e l y  r e c r y s t a l l i s e d .  The t h i r d  and l a r g e s t  phase  o f  f e l s p a r  i s  o f  
p l a g io c la s e  o n ly , and  e x h ib i t s  good c r y s t a l  o u t l i n e s  and  a  rh y th m ic  r e v e r s a l  
o f  th e  z o n in g .
The i n i t i a l  s ta g e s  o f  d e fo rm a t io n  i n  th e s e  porphyries, p r i o r  t o  the 
a p p e a ra n c e  o f  a  m egascop ic  c le a v a g e  o r  s c h i s t o s i t y ,  have  in v o lv e d  l o s s  o f  
good f e l s p a r  o u t l i n e s  a n d  th e  a s s o c i a t i o n  o f  b i o t i t e  w i th  t h e  h o rn b le n d e .
The f lo w  a lig n m e n t o f t h e  f e l s p a r  and  am phibo le  c r y s t a l s  h a s  been  i n t e n s i ­
f i e d  by  s h e a r in g  p a r a l l e l  to  th e  m arg in s  o f  t h e  b o d y .
The n e x t  s ta g e  i n  th e  g r a d a t io n ,  su ch  a s  t h a t  re a c h e d  by  CB 12 , 
r e v e a l s  a  t r u e  c le a v a g e , a l s o  p a r a l l e l  t o  th e  m a rg in s . M ic ro sc o p ic  exam i­
n a t io n  shows t h a t  t h e  ro c k  h a s  d e f i n i t e  a f f i n i t i e s  w i th  f l a s e r  r o c k s .  I t  
i s  a t  t h i s  s ta g e  t h a t  i n t e r p r e t a t i o n  o f  s t r u c t u r e s  becomes p r o b le m a t ic a l  a s  
h a s  been  found  w i th  CB 8 2 .
CB 82 r e p r e s e n t s  th e  l a r g e  dyke o r s t e e p ly  i n c l in e d  s h e e t  t h a t  ru n s
P la te  120. A ugen-like  r e c r y s t a l l i s e d  p h e n o c ry s ts (? )  o f  a c t i n o l i t i c  
am phibole. GB 82; x 35*
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across the northwest side of Creag Choinnich, a%)parently transecting the 
granite. The liand specimen is of a seemingly highly cleaved dark igneous 
rock. The contact with the granite is straight and parallel to the clea­
vage, while in the granite there is a weak orientation of the biotites at 
approximately 90° to the junction. However, detailed examination of the 
contacts reveals tliat micro structures in the porphyry are cross-cut by 
those of the granite. Apophyses of the latter penetrate the former, too.
The groundmass of the microdiorite is of granular felspar and anhedral 
hornblende well-orientated parallel to the cleavage. Larger masses of 
magnetite tend to be so aligned also. The felspar phenocrysts (An^^ - 
Ary^) show a partial alignment, while the groundmass appears to have 
flowed around such felspars as are randomly orientated. The hornblende 
phenocrysts (?) are abundant but vary from the dark green-common type to a 
lighter-coloured actinolitic type which is fibrous. Though some may be 
individual crystals most phenocrysts(?) have clearly recrystallised to a 
highly tapering, augen-like shape(pi. 12O).
In this condition one wanders whether the flow-texture is of igneous 
or dynamic origin; and whether the ançhibole "augens" are highly deformed 
and recrystallised phenocrysts, or aggregates of flowing crystals, or 
even porphyroblasts.
The almost complete lack of deformation in the felspar phenocrysts 
favours the igneous flow hypothesis for the texture, while the mere exis­
tence of felspar phenocrysts suggests that large crystals of hornblende 
are likely to have formed also. However, it is the precise shape of the 
amphiboles which has the most significance. The undulating nature of their 
tapering "tails" can only be easily explained by deformation (pi, 120 ).
It is thus inferred that these amphiboles were centres where pressures in 
the rock were relieved, possibly not long after intrusion. They gave rise, 
in other words, to planes of selective shearing. This theory also fits
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w e ll  th e  c a se  o f s i m i l a r  b o d ie s ,  more h i ^ i l y  de fo rm ed , w here th e  p h e n o c ry s ts  
have  been  a lm o s t c o m p le te ly  s h e a re d  o u t .
N ext in  th e  m ain g r a d a t io n a l  sequence  i s  a  ro c k  l i k e  CB 18 , i n  w h ich  
th e r e  i s  l i t t l e  e v id e n c e  o f  a  p o r p h y r i t i c  t e x t u r e .  I t  i s  more m e la n o c ra tic  
th a n  a n y th in g  so f a r  d e s c r ib e d .  C r y s ta l s  a r e  m o s tly  f in e - g r a in e d  and  a n ­
h e d r a l .  T h ere  i s  l i t t l e  q u a r t z ,  w h ile  o f  th e  f e l s p a r s  o n ly  p la g io c la s e  
can  be i d e n t i f i e d  w ith  c e r t a i n t y .  N e v e r th e le s s  t h e r e  a r e  i n  th e  s e c t i o n  
s e v e r a l  la r g e  a g g r e - ^ te s  o f i n te r lo c k in g  p la g io c la s e s  w h ich  ( th e  a g g re g a te s )  
have  a  ro u g h  f e l s p a r  o u t l i n e .  T h a t some o f  t h e  p l a g io c la s e  in d iv id u a l s  a r e  
a l s o  c o a r s e r  th a n  th e  groundm ass i s  a  good i n d i c a t i o n  t h a t  t h i s  ro c k  was 
o r i g i n a l l y  a  p o rp h y ry . B r ig h t  g re e n  h o rn b le n d e  i s  w id e ly  a s s o c i a te d  w i th ,  
and b e in g  r e p la c e d  b y , deep  brown b i o t i t e  and  l e s s e r  am ounts o f  c h l o r i t e ,  
a l l  o f  w h ich  d e f in e  a  weak c le a v a g e .  Some o f  t h e  b i o t i t e  and  opaque o re  
m a t e r i a l  t e n d s to  be c o n c e n t r a te d  a lo n g  m inu te  s h e a r s .  The ro c k  h a s  th u s  
a f f i n i t i e s  w i th  b o th  e p i d i o r i t e s  a n d  m ic r o d io r i t e s .
T h e rm a lly  a l t e r e d  e q u iv a le n t s  o f  CB 18 s t i l l  r e t a i n  t h e i r  w eak ly  d i s ­
c e r n ib le  p o r p h y r i t i c  f e a t u r e s ,  b u t  th e  b i o t i t e  h as  been  a lm o s t e n t i r e l y  
u p g rad e d  t o  h o rn b le n d e  w i th  th e  deve lopm en t o f  a  h o r n f e l s  t e x t u r e .  The 
p re s e n c e  o f  c h l o r i t e  in  such  s i t u a t i o n s  c o u ld  be r e l a t e d  to  l a t e  s h e a r in g .
I n  o th e r  specim ens o f  e p i d i o r i t e ,  u s u a l ly  re d u c e d  to  i s o l a t e d  e x p o su re s  
o r  t e c t o n i c  i n c l u s io n s ,  th e  rem nant p h e n o c ry s ts  l i e  w i th  t h e i r  maximum 
le n g th  p a r a l l e l  to  th e  s c h i s t o s i t y ,  p ro v in g  th e  l a t t e r  to  have  d e v e lo p e d  
a lo n g  p la n e s  c o n ta in in g  th e  d i r e c t i o n  o f  f lo w . I t  i s  t h e r e f o r e  l i k e l y  
t l i a t  t h e  s c h i s t o s i t y  i s  p a r a l l e l  t o  t h e  o r i g i n a l  c o n ta c t s  o f  t h e  bod y .
I n  more h ig h ly  de fo rm ed , o r  n o n - p o r p h y r i t i c  b o d ie s ,  i t  may be  im­
p o s s ib le  to  a s c r i b e  an ig n eo u s  o r  a  s e d im e n ta ry  o r i g i n  t o  t h e  e p i d i o r i t e .  
F i e ld  e v id e n c e  becomes c r i t i c a l ,  b u t  t h i s  d o es  n o t  d i s t i n g u i s h  b e tw een  
rem n an t p h e n o c ry s ts  a n d  p o r p h y r o b la s t s ,  a  p ro b lem  w h ich  i s  n o t  unknown i n  
th e  a r e a .
9 8
A t th e  end o f th e  g r a d a t io n  s c a le  l i e s  a  g roup  o f  q u a r t z - f r e e  ro c k s  
c o n ta in in g  l i t t l e  o r no f e l s p a r .  They a re  b e t t e r  r e f e r r e d  to  a s  am phi­
b o l i t e s  o r  h o r n b l e n d e - ( b i o t i t e ) - s c h i s t s  o r  h o r n f e l s e s .  Of th e s e  CB 143 
r e v e a l s  s p o ra d ic  c l u s t e r s  and  g ro u p s  o f  c o a r s e r - th a n - u s u a l  h o rn b le n d e  
c r y s t a l s ,  w tiich , th o u g h  i n d e f i n i t e ,  i s  n e v e r th e le s s  s u g g e s t iv e  o f  an  o ld  
p o r p h y r i t i c  t e x t u r e .
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Conclusions
A l t h o u ^  ttie  s u c c e s s io n  o f th e  D a lra d ia n  m e ta se d im e n ta ry  ro c k s  i s  
n o t  o b v io u s , th e  o b se rv e d  r e l a t i o n s h i p s  among th e  fo rm a tio n s  a r e  c o m p a tib le  
w ith  th e  sequence  p ro p o sed  by B a i le y  (1 9 2 2 ) . E v idence  from  th e  f i e l d ,  fro m  
t h i n  s e c t io n  e x a m in a tio n  and  from  p e t r o f a b r i c  a n a ly s i s  h a s  shown t h a t  th e s e  
ro c k s  have s u f f e r e d  p o ly p h a s a l  m etam orphism . The ro c k s  w ere f i r s t  r e g i o n a l l y  
m etam orphosed, d u r in g  w M ch p e r io d  th r e e  d e fo rm a tio n  p h a se s  w ere e f f e c t i v e .  
T hese  w ere l a r g e l y  s u c c e s s iv e ,  th o u g h  i n  p a r t s  o f  th e  a r e a  th e  l a s t  two 
may have o v e r la p p e d  c o n s id e r a b ly .  The f i r s t  was r e s p o n s ib le  f o r  th e  d e v e lo p ­
ment o f  th e  m ain D a lra d ia n  n a p p e - s t r u c tu r e s . T h is  was fo llo w e d  by c r o s s ­
f o ld i n g ,  accom panied  by  th e  c lim a x  in  th e  deve lopm en t o f  new m etam orphic 
m in e ra ls  w i th  th e  u l t i m a t e  a p p e a ra n c e  i n  th e  p e l i t i c  ro c k s  o f  k y a n i t e .
The m in e ra ls  th u s  form ed w ere th e n  defo rm ed  by th e  t h i r d  p h ase  o f  f o ld i n g .
I t  i s  p ro b a b le  t h a t  due to  l o c a l  i n t r u s io n s  o f  g r a n i t e  th e r e  was s u f ­
f i c i e n t  r i s e  in  te m p e ra tu re  to  e f f e c t  th e  g row th  o f  th e rm a l  m in e ra ls  b e g in ­
n in g  w ith  p l a g i o c la s e ,  b e fo r e  th e  end o f  th e  t h i r d  d e fo rm a tio n  p h a s e . The 
h ig h e r - te m p e r a tu r e  m in e ra ls  a r e  c l e a r l y  c l o s e l y  r e l a t e d  t o  in d iv id u a l  i n ­
t r u s i o n s  o f  g r a n i t e  and  w ere form ed a f t e r  th e  p e r io d  o f  maximum f o ld i n g  
o f  th e  t h i r d  p h a s e . Around th e  L ochnagar g r a n i t e  t h i s  l a t e r  m in e ra l  g rov /th  
i s  s e e n  a s  a  c o n ta c t  th e rm a l  e f f e c t ,  t h e  p e l i t i c  ro ck s  h a v in g  b een  c o n v e r te d  
t o  h ig h -g ra d e  h o r n f e l s e s .  I n  th e  c o n ta c t  a r e a s  ( in c lu d in g  th e  l o c a l  e x te n ­
s io n s  o f  t h e  g r a n i t e )  s i l l i m a n i t e  h as  form ed a f t e r  a n  even  l a t e r  p h ase  o f  
d e fo rm a t io n .
The i n t r u s i o n  o f g r a n i t e  i t s e l f  i s  b e l ie v e d  t o  have  come a b o u t i n  
p h a s e s :  i t s  d e fo rm a tio n  i s  a n y th in g  b u t  u n ifo rm , w h ile  th e  th e rm a l m in e ra ls  
hav e  d e v e lo p e d  ov er a  r e l a t i v e l y  lo n g  p e r io d  o f  t im e .  P e t r o f a b r i c  a n a ly s i s  
o f  g r a n i t e / q u a r t z i t e  specim ens has in d ic a te d  t h a t  p a r t s  a t  l e a s t  o f  th e
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g r a n i t e  have s u f f e r e d  two d é fo rm â t io n s  though  th e  r e l a t i v e  a g e s  o f  th e s e  
have not been determ ined . The igneous cy cle  commenced w ith  th e  in tru s io n  
o f b a s ic  rocks fo llo w e d  by d i o r i t i c  ro c k s  and c u lm in a t in g  in  a c id  ones.
The l a t t e r  were em placed  in  p u ls e s  o f  f o r c e f u l  i n t r u s i o n  a l t e r n a t i n g  
w ith  p e r io d s  o f  n o n -d ila tio n a ry  g ra n i t i s a t io n .  During f o r c e f u l  i n t r u s i o n  
p a r t i a l l y  c r y s t a l l i s e d  g r a n i t i c  magma was fo rced  p a s t  the a r e a  o f  h ea tin g  
to  form  p a r t i a l l y  c o n c o rd a n t s h e e ts  o f  a c id  p o rp h y ry  o r f e l s i t e .
F i n a l l y  i t  can  be  c la im e d  t h a t  f i e l d  work h a s  shown t h a t  e x tre m e ly  
c o m p lic a te d  s t r u c t u r e s  in  b o th  t h e  ig n eo u s and m etam orphic ro c k s  can  be 
mapped on a  much s m a l le r  s c a l e  th an  i s  n o rm a lly  a t te m p te d . T h is  i n  t u r n  
h a s  r e v e a le d  t h a t  th e s e  s m a l l e r - s c a l e  f e a t u r e s  m ir ro r  th e  m ajor s t r u c t u r e s ,
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